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Scafe factor readout changes automaticaffy to mdicate verticaf 
sensitivity at probe tip when recommended 10X probe is used. 
Simitariy, sweep-rate readout changes auton^aticafiy when 10X 
magnifier is turned on. 



By Jerry Shannon and Ahne Oosterhof 

In the oscilloscope field, plug-in versatility has tradi- 
tionally been limited to high-frequency instruments. 
Introduced by Tektronix in 1954, the plug- in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to cover a wide range 
of applications* 

Now, with the introduction of the 5100 Series, the users 
of low-frequency oscilloscopes will enjoy these same 
benefits* 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
determined to do our best to meet that need. Our goal 
was to offer a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include many of the features such as 
scale factor readout, large screen CRT and solid state 
stability found only in the latest instruments. 

Breakthroughs would have to be made in many areas* 
Simplified circuit design, new production techniques 
for CRT's, switches and other components, and re- 
duced assembly and calibration time would have to be 
achieved if we were to reach our goal. The end result of 
our efforts in all of these areas is a series of products that 
bring you new measurement capability, plus a flexibil- 
ity previously unavailable in any other oscilloscope 
system. 

First in this series is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 MHz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, plug-ins, and bench to 
rackmount convertibility. Four display modules, each 
w'ith a large 6^ -inch CRT, give you a choice of single 
beam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert from bench to 5 -inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical amplifiers 
and time bases. 



Several innovations in the amplifier and time base plug- 
ins enhance operating ease. For example, scale factor 
readout for each amplifier is provided by illuminating 
the knob skirt behind the area identifying the correct 
scale factor, even when using the recommended lOX 
probes. This same feature is used in the time base plug- 
ins to indicate correct sweep rate with the magnifier on 
or off. The possibility of measurement error is thus 
greatly reduced. 

The choice between left and right vertical plug-in is 
made by depressing the DISPLAY button on the respec- 
tive plug-in. This button also switches the light on 
behind the readout skirt, so a glance is all that's needed 
to immediately identify which channels or plug-ins are 
in use. With neither DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or 
chopped mode of operation as selected by the DISPLAY 
button on the time ha.se. The switching sequence allots 
two time-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical plug-in* When dual-channel 
plug-ins are used, each channel takes one* time slot or 
one sweep* In the dual-beam mainframe, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system* 

THE MAINFRAME 

Now let's take a closer look at eadi of the 5100 Series 
modules* The 5103N mainframe module contains the 
Low- voltage power supplies, horizontal and vertical am- 
plifiers, the electronic switching and logic circuitry 
for dual- trace operation between plug-ins, and three 
plug-in compartments. It wdll interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any plug-in can be used in any 
compartment to achieve X-Y, Y-T or raster displays. 
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Four display modules pictured from top to bottom are smgJe 
beam, single beam storage, dual beam and dual beam storage. 
Aif feature a large 6V4 '' screen and internal graticule. 



THi DISPLAY MODULES 

Each of the display modules uses a new Gi^-inch ceramic 
CRT with an B X 10 division inch/di v) iiitemal 

graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the DIO single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, the CRT controls and the power switch. A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The DI2 dual-beam display module is the same as the 
DIO single-beam unit except the CRT has two writing 
guns and two pairs of vertical deflection plates. Both 
beams cover the full 8 x10 division screen. Also in- 
cluded are separate intensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by the Dll and DIB display modules respectively. 
The bistable, split-screen storage CRT's have a unique 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to effectively increase stored 
writing rate. 

THE PLUG-INS 

The nine plug-ins presently available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple measurements where signals of varying am- 
plitude have to be measured, the 5A23N with decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, the 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 ^/div to 
0.5 sec/div in decade steps. A variable control extends 
the slowest sweep to 5 sec/div. 
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When signals of only a few millivolts are to be meas- 
ured, the 5A15N provides 1 inV sensitivity and DC to 
2-MH/ bandwidth. The 5A18N offers the same char- 
acteristics with dual- trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult microvolt region where 
the applications call for low noise and high common - 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers With FET inputs provide stable operation to 50 
juV/div. Bandwidth is DC to 1 MHz. Upper bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 /xV/div, DC coupled, is 100,000:1. 

To permit common-inode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developed. The P6060 has lOX attenuation 
and provides common-mode rejection of 400: 1 at any 
deflection factor wffien used with the 5A20N or 5A21N. 

The 5A21N plug-in, w4iile similar to the 5A20N, has the 
added feature of a current- pro be input. Using the 
P6021 current prol>e, bandwidth is 15 Hz to 1 MHz 
with sensitivities from 0.5 mA/div to 0.5 A/div. The 
normal 100 Hz low-frequency response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low^- frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal deflection systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The 5BI0N provides sweep ranges from 



1 jus/div to 5 sec/div in a b2-5 sequence with a lOX 
magnifier extending the fastest sweep to 100 ns/div. 
The unit offers versatile triggering from DC to 2 MHz. 
Both trigger source and trigger mode are selected by 
pushbutton, A single-sweep mode simplifies the captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included Is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 mV/div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5B12N, covers a wide range of ap- 
plications. Offering the maximum in versatility, it in- 
cludes the popular sweep switching introduced in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and the B sweep is slaved to 
the right plug-in. This gives you, in effect, dual-beam 
operation for repetitive signals. The two sweeps can 
also be operated in the conventional delaying-sweep 
modes with a 10-turn delay multiplier providing ac- 
curate delay settings. The 5B12N also Includes an ex- 
ternal horizontal mode for X-Y operation. 

Some applications require a vertical sweep or raster 
presentation. This is easily accomplished by plugging 
any of the three time bases into one of the vertical com- 
partments. The 5103N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low -fre- 
quency 5100-Series instruments. Its fixed-focus, fixed- 
a pert lire design makes waveform photography simple. 
An access door in the top of the camera allow^s viewing 
the CRT without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series are medical research, educational 
instruction, low-frequency pha.se work such as servos, 
mechanical analysis using strain gauges and other trans- 
ducers, and engine analysis. 






Ouai-trace verticat and dual time taae plug-ins offer maximum versatility. 
At ieft both Ch ^ and Ch 2 are displayed by both A and B sweeps. 

Right above, adding a singie trace with A sweep on EXTERNAL you 

cart have duai-trace X-Y, while right vertical and B sweep provide Y-T. 





SIGNAL GENERATION S 

CONDITIONING 



WITH 
A NEW 
MODULAR 
SYSTEM 



-r \ Digitally signed by 
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Plug-in versatility has proven its worth in oscilloscopes, 
counters, pulse generators and myriad other products. 
Now this concept is extended to a neiv series of instru- 
ments designed to be the meeting place for many dif- 
ferent systems* We call them the 2600-Series modular 
instruments* The term "modular'' is used here in a 
broad sense and includes packaging, interconnections, 
input /output characteristics, power supplies and 
accessories* 

Designed to i^ermit relatively free interplay between 
analog and digital circuits, most inputs and outputs are 
compatible witli DTI., and TTL logic levels. However, 
they differ electrically slightly to allow proper opera- 
tion with non-DTL and non-TTL circuits* 

To get a feel for the versatility of the series, let's look 
briefly at the individual units. 
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2601 MArNFRAME 

The 260] mainframe, a basic element in the series, is a 
power supply and interconneciiag system for 2600* 
Series plug- in units. Providing pre-regulated voltages at 
up to 50 watts, the 2601 accommodates six plug-in units. 
The pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for special needs. This pro- 
vides maxinium decoupling between units. 

A seventh plug-in .section in the 2601 plays a vital role 
in the versatility offered by the 2600 Series, It contains 
the interconnection board. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug-in, or passing signals be- 
tween units. Thus, having planned and set up system 
operation from the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck them away out of sight. Spare 
boards may be used to change rapidly from one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection board. 

Pictured below are tw'o of the interconnection boards 
currently available. The board on the left is used pri- 
marily to provide interconnecLiori between plug-ins. 

The board on the right also provides interconnection 
between plug-in units but has an exciting additional 
feature. Fourteen 16-pin dual in-line plastic I,C. 
sockets, plus a locally regulated -f-5 volt supply, are 
mounted on the board. Ready connection between 
I.C/s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switches, pulse transformers, resistor networks, op amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unlimited. 




Interconnection board at left permits intern ai connection be- 
tween p tug-ins. Board at right interfaces plug-ins with 14 !C 
sockets. Board includes -\-5 V reguJaied supply to power IC's. 



You may also elect to use the I,C, board and 2601 main- 
frame plug-ins completely independent of one another. 
Ten spare front panel jacks on the interconnection 
board provide convenient imerface points. Front and 
rear panel BNC connectors on the 2601 may also be con- 
nected internally to any jack on the 1,C. interconnec- 
tion board. The pre-regulated +17 and —17 volt 
supplies are available on the board and can often be 
used to power linear J.C/s where other than +5 volts is 
required. 

RATE AND RAMP GENERATORS 

Now let*s take a look at the plug-ins. The 26G1 and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggering of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp modes are available to you. Free run, 
gated, triggered, and gated trigger, plus manually gated 
or triggered operation is readily accomplished from the 
front panel. In addition, the 26GI can be internally 
triggered by the rate generator which is an integral part 
of the unit. The trigger and gate levels, both input and 
output, are compatible with logic levels used in most 
DTL and TTL logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Ramp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26 G1 or 26G2 can 
serve as a time-to-heigfit converter. The amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pulse into both the 
Trig and Ground to Reset inputs. The ramp is then 
started by the leading edge of the pulse ami terminated 
when the pulse falls to zero. 

In addition to the main ramp output of 10 volts, sev- 
eral other signals are available at die front panel. A 1- 
volt ramp output serves as a convenient time base for 
the 601^ 602 and 611 monitors which are ideal com- 
panion units to the 2600 Series. The +3- volt Ramp 
Gate, of the same duration as the ramp, provides un- 
blanking for the monitor. A +.^-volt, 1,5 -jeaS pulse coin- 
cident w'ith the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the application. 

We mentioned earlier that the 26G1 also contains a 
rate generator. Normally free-running at a frequency 
determined by the Rate and Multiplier settings, it can 
also be gated manually or by an external gate. All that 
is needed is reversal of an internal S-pin connector. The 
Gate and Ground to Gate inputs then serve to gate the 
rate generator, wdth the first pulse from the rate gen- 
erator coincident with the start of the gate. The rate 
generator may be used independent of the ramp gen- 
erator portion of the 26G1, 
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SYSTEM APPLICATION 



PULSE GENERATION 

The False Generator plug-in unit provides pre- 

cise rectangular pulses with amplitude to ±10 volts and 
pulse duration irom 1^ to II seconds. Pulse risetinie 
and ialltinie is less than 200 ns. In addition, the unit has 
two other output modes. With the Pulse Duration con- 
trol set to Bistable, the output changes state with each 
succeeding trigger, that is, the output goes to the high 
state on one trigger and to the low state on the next. A 
highly symmetrical waveform or pulses longer than 1 1 
seconds can thus be easily generated. 

The third mode, DC, or as it is sometimes called, 
''locked on'\ is appearing with increasing frequency on 
the newer pul.se generators. In this mode the output is 
simply a DC level which can be accurately set to any 
value up to ±10 volts by means of the Pulse Amplitude 
control. Accuracy is 1% of full scale, full scale being 1 
volt, 10 volts, or a value you may choose by selecting an 
appropriate external resistance. Output current up to 
20 mA is available to drive the selected resistance, how^- 
ever, maximum output voltage is limited to ±10 volts. 

Three other outputs are available on the from panel: 
the Pulse Start, a +3-voIt pulse serving as an output 
trigger: the Pulse Gate, a +3- volt gate with the same 
duration as the pulse output: ^nd the Trigger Gate, a 
+3- volt gate coincident with the start of the pulse out- 
put and w^hose width is detennined by the Delay control 
setting. 

Turning to the 26G3 inputs, we see a wude range of 
control for starting and stopping the pulse. Selection of 
sloj^e and level, much the same as on your oscilloscope, 
is available, A preset 4-hvolt level is useful when trig- 
gering from logic circuits, and a ramp input provides 
lor triggering at any point on a A 10- volt ramp giving 
you a choice of accurate time delay before starting the 
pulse. The Slew Ramp input offers some interesting 
capabilities; a signal fed into this input is combined 
algebraically w'ith the signal fed into the Ramp input to 
effect triggering. This gives you a convenient means of 
generating two pulses whose time relationship can be 
made to change at a controlled, linear rate. 

One of the common uses of this technique is found in 
the field of biophysical research, the objective being to 
determine the ability of a nerve to respond to separate 
stimuli occurring within a brief time span, A look at 
how' we can accomplish this objective using the 2600 
Series will serve to demonstrate the flexibility of the 
system, but first let's finish our review of the 26G3 
inpu ts. 

In addition to the Trigger, Ramp and Slew Ramp in- 
puts, there are Set and Reset inputs. A 4-hvolt signal to 
the Set input, will set the output to its high state regard- 
less of the state of all other inputs except the Reset 
input. Conversely, a + 1-volt signal to the Reset input 
will set the output to its low state regardless of the state 
of all other inputs including the Set input. 



Now let's look at how we can accomplish the objective 
mentioned above, that of determining nerve response 
to closely spaced stimuli, using the 2600-Series instru- 
ments, The block diagram below shows the system we 
can use to generate the variable-spaced pulses, includ- 
ing a 601 monitor to display the pulses. The system 
consists of the 2601 Mainframe, the 26G1 Rate/Ramp 
Generator, the 26G2 Ramp Generator, the 26G3 Pulse 
Generator and the 601 Storage Display Unit, 
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Simpfified bhek diagram of system to produce pulse pairs 
havirrg graduafly reduced spacing between pulses. 



Interconnection of the units and the control settings for 
the respective units are showm on the interconnection 
board w'orksheet at right. These worksheets are replicas 
of the interconnection board and provide a handy ref- 
erence for repeating die set-up for a particular measure- 
ment. Replicas of the front panels of the plug-in units 
are available with gummed backing for pasting on the 
wwksheet as shown. The photo in the lower right-hand 
corner of the worksheet shows the signal generated by 
the set-up. 

The pulse train is initiated by pressing the Manual but- 
ton on the 26G2. The 26G2 perform.s four functions. It 
starts the pulse train, gates the 26G1, provides the slew 
ramp for the 26G3 and determines the total period over 
which the nerve will be exercised, in this instance, 10 
seconds. 

The 26G1 also performs four functions. It determines 
hoTV often the 26G3 generates pulse pairs, provides the 
ramp input for the 26G3, determines, in conjunction 
with the slew ramp and the Delay control setting on the 
26G3, W'hen a stimulus pulse will be generated* and pro- 
vides the sweep and unblanking signals for the 601 
monitor. 

The 26G3 merely stands by and generates a pulse of the 
appropriate duration and amplitude when its trigger- 
ing level is reached. 
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Now let*s se€ what hap[>eTi‘i when we push the Manual 
button on the 26G2* A single pulse, 1 volt in amplitude 
and 300 ;as in duration is generated, followed by an 
identical pulse 10 ms later. The two pulses are then re- 
peated at L5 sec intervals with the time between them 
reduced 1.5 ms eadi time they repeat. A reset pulse from 
the 26G1 prevents the slew ramp from triggering the 
26G3 at the peak of its excursion, producing an un- 
wanted pulse. 

OUTPUT CONDITIOMIMG 

One other important plug -in currently available in tlie 
2600 Series is the 26 A 1 Operational Amplifier, It is a 
high- power operational amplifier ideal for final pro- 
cessing of signals generated in 2600-Series system. Out- 
put capabilities are ±50 V and up to ±50 mA. Open 
loop gain is 10,000 into a 1 kil load with a unity gain 
bandwidth of 5 MHz, 



Access to the operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
plug-in unit. The adapter also provides access to the 
front panel connectors and die regulated +15 and —15 
volt supplies. Clips and jacks are mounted on the 
adapter circuit board so you can easily diange the oper- 
ational amplifier function. A Terminal Access Adapter 
kit which includes a circuit board with a 0,1 x 0,1 inch 
grid of plated- through holes is available for construct- 
ing circuits to meet your specific needs. 

7000-SERIES COMPATIBILITY 

The 2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscopes. Through the use of 
an adapter, you can operate any of the 2600-Series plug- 
ins in your 7000-Series mainframe; truly plug-in versa- 
tility at its best. 





TEKTRONIX FORM NUMBER 
062-1265-00 
tPad of 50 sheets) 
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A lO-aacond train of paired pulece, each pulse lOO us In duration, 1,0 volt. In amplltuda 
Falae pairs repeated at 1,3 second Intervals wltb the time between pulses reduced 1,5 ms 
each repetition. Pin 15 of U70 In the 26G1 is connected to output G on the 26G1 for a 
reset pulse, A 601 Storage Display Unit serves as monitor. 
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interconnection board worksheet shows connections between units, front panel controi settings 
and waveforms generated by set-^up. Notes include signai parameters and spec/af instructions^ 
Worksheet provides permanent record of set-up. 
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TEKIMIQUEi measuring the finearity of fast ramps 

By John McCormick, Project Engineer 




John receivBp his BSEE, with distinction, frorr^ U of Kansas in 
1962 and his MSE with a Mater iais Sciences Option from 
Princeton in 1965. With Tek stnce 1965, he has contributed 
much to fast-ramp technology white working on sampling 
sweeps. 



The time measurements you make with your oscilloscope can 
only be as accurate as the time base displayed on the CRT 
screen. Improvements in components, ramp generator cir- 
cuitry and CRT construction have given us time bases speci- 
fied accurate within 2 or 3% and typically accurate within 
l%. With the great strides being made in vertical amplifier 
bandwidth has come the challenge of providing the fast 
sweeps needed to properly display these higher-speed phe- 
nomena. Generating and measuring fast, linear ramps poses 
unique problems. This article discusses a solution for one of 
those problems, that of measuring the linearity of fast ramps. 

There are two important quantities used to specify and de- 
scribe a ramp. These are the mean slope of the ramp, and 
linearity or slope deviation from the mean. An ideal ramp 
has a constant slope and is perfectly linear. It is usually easy 
to measure the mean slope of the ramp but linearity measure^ 
ments are difficult to make and are usually made in an in- 
direct manner. This is especially true in the case of very fast 
ramps (tens of nanoseconds in length) . 

The terminology used to describe linearity varies according 
to the method used to measure it* A sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessary to define a few terms. 

DEFINITIONS 

Mathematically speaking, the slope of a waveform at any 
point in time is the derivative of the waveform with respect 
to time. If V (t) is a voltage wavelorm, then the slope at any 
time is given by 

. . . dV (t) 

dt 



In the case of an ideal ramp, the slope would be constant. To 
describe a ramp we may consider an ideal ramp with the 
desired constant slope which w^^e will call the mean slope, plus 
some deviations of the slope from thi.s constant value, 

m <t) + 1 (t) 

Where m (t) is the actual slope at any given time, is the 
mean slope and 1 (t) is the nonlinearity of the ramp. 

Percentage of nonlinearity is expressed by the equation 

% Nonlinearity = ~ x 100% X 100% 

The nonlinearity is a function of time and can be determined 
if W'e know m (t) and m^* It is relatively easy to measure 
by feeding the ramp into the vertical system of a scope and 
measuring its amplitude and duration; m (i) is die time 
derivative of the ramp waveform. It is possible to measure an 
approximation to m (t) by several methods, only one of 
which we will discuss in detail here. 

The derivative of a voltage that is a function of time V (t) is 
given by the basic definition: 

gy — ^ V (t) 

dt At 

limit At O 

What we can measure is 

At 

At finite 

It is obvious that m* (t) is just the average slope of the func- 
tion V (t) measured over a time At at each point in time as 
in Fig. I, A convenient name for At is the time resolution or 
simply, the ''resolution” of the measurement. The resolution 
is indicative of the detail that can be resolved. If the slope 
m (t) has components which last for a time on the order of 
At as in Fig, 1, they will be smoothed out in the measure- 
ment, If die ramp has a fast start like the ideal ramp in Fig. 
2 (a) , then the m* (t) Fig, 2(c) will differ from the actual 
derivative in Fig, 2 (b) because of the finite resofuuon time. 
The smaller die resolution time, the closer m* (t) will be to 
m (t) . Now let's consider methods of measuring m* (t) . 



MEASUREMENT OF m*(t) 

One simple way to obtain m* (l) for a waveform would be 
lo process the wraveform widi an analog differentiator as in 
Fig. 3. This works pretty well with slow ramps but is very dif- 
ficult to implement for fast ramps, A better method for fast 
ramps makes use of sampling techniques to time- con vert the 
ramp to a slower-speed replica. Measuring the slope is then 
an easy matter The technique shown in Fig, 4 can be used to 
measure V (t+At) and V (t) , The ramp waveform is fed into 
two identical sampling heads, A k B, eadi of which produces 
a DC voltage in its respective memory, proportional to the 
value of the ramp voltage at a time when the strobe opens 
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Ftg. 1. RBSOiutiQn timits measurement deta//. Components iast- 
iftg for a time on the order of Af wiH be smoothed out. 





Fig. 2. Measured siope differs from the actuaf derivative be- 
cause of the finite resolution time. 




the sampling gate. If the strol^e time for channel A {t^^) is 
made different from that for channel B (t^g) by some time 
(At) due to unecjiial delays and Tg, then the voltage 
measured by the respective sampling heads will be 

VsA--V(i,*) V«^V<t,^-pAt) 

We can then subs tract them at each time t. 

V = (V (t4- At) - V (t) ) 

If we divide the difference in strobe time At W'e have 
v(0»-A _ (V(t+At)- V(t)> 

At At ' ' 

A convenient realization of the above technique can be ob- 
tained with a sampling system set up as in Fig. 5. The sys- 
tem consists of a 7000-Series four-compartment mainframe, a 
7T11, two 7Sirs, two S-l sampling heads and a 7A22. If the 
signal cannot be loaded by SOI? then a probe such as the 
P6034, P6035 or P005 1 can be used to couple the signal to the 
power divider tee. An alternate approach would be to use 
S-3A or S-5 sampling heads in place of the S-l. 

The gains of both sampling channels should be adjusted so 
that they are equal (note variable front panel control on the 
7S1 ! docs not effect the gain of I he vert sig out) . 1 his can be 
done by inserting a variable attenuator in the leads from the 
vert sig out to the 7A22. Comparing the amplitudes of the tw^o 
vertical signals out is easily done with the 7 A 22. Just feed 
both signals differentially into the 7 A 22 and adjust the gains 
until the base line is at tfie same level before and after the 
ramp. 



B 




Fig. 3. Analog differentiator is a convenient means of meas- 
uring slope and Unearity of slower ramps. 




StGMAL V(t) 



Fig. 4. Stock diagram of a sampling system fo measure 
V(t-FAt) — V(t}. Resofution is set by difference in time of 
and Tfl. 




Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
(m*t) and display them simultaneousiy. Attenuator is placed in 
series with 7A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 
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The resolution should be set by turning the right hand 7SH 
Delay Control hill CCW^ groumling tiie negative input of 
the 7A22 and setting the left hand 7SI 1 Delay Control for the 
desired At by observing the separation of the two traces on 
the screen. Be sure to adjust the gain of the 7A22 ii.sing the 
variable if necessary so that the two traces have the same 
amplitude on the screen. The top photo bclo^w is a typical 
display for setting resolution. 





Top photo is typicaf display for setting resolution. Bottom photo 
shows ramp and its siope. Aberrations are caused by non- 
tinearities in the ramp. Resolution is 6 ns. 

After setting the desired resol lUion or At, the negative input 
of the 1A22 is moved to the DC position. Now displayed on 
the CRT is the voltage differential between the outputs of 
the samplers which is proportional to At and the slope of the 
ramp. Measuring the amplitude of this voltage differential 
and knowing At we arrive at m* (t) or the slope of the ramp. 

The bottom photo above shows the slope waveform and the 
ramp whose slope it represents. Aberrations on the slope 
waveform are clue to nonlinearities in the ramp. The am- 
plitude of these aberrations relative to the amplitude of the 
slope w'avefonn is the measure of the nonlinearities that exist 
in the ramp, 

ACCURACY OF THE MEASUREMENT 

Although the absolute slope in volts per nanosecond can be 
measured with this system, the accuracy is not as good as it is 
w'hen measuring linearity unless tlie system is calibrated with 
a known slope. Contributing to the accuracy of the slope 
ineasuremem are the accuracy of the sampling channel gains, 
the accuracy of the 7A22 gain, and the accuracy with which 
the time At is known. 

One method of eliminating the probJem of absolute sweep 
calibration for accurate At is to adjust for both channels to 



sample at the same time and add a known length of delay 
line in the signal path of one of the sampling channels. 

Two other factors effect the accuracy of the linearity meas- 
urements, These are nonlinearity in the vertical response 
and nonlinearity in the sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. The linearity of 
the sweep is specified to be within 5% over most of the Time 
Position Range and can be checked by the usual method with 
accurate time marks. For sweep speeds with low magnifica- 
tion the linearity is typically better than 1%. 

PRECISION OF THE MEASUREMENT 

Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With the 
system described we can easily measure 1% differences in 
slope. It must be borne in mind that the response of the 
7SI1 's must be identical. A convenient way to assure this is to 
set the dot response of both 7Sl Ts to unity. It is also im- 
portant that the scan rate be slow enough for the bandpass 
u.sed on the 7 A 22. 

RANGE OF SLOPE MEASUREMENTS 

The upper limit on slope, m* (t) , in volts/ nanosecond is 
determined by the risetime of the sampling system and our 
ability to set the resolution to be a small portion of the ramp. 
Ten to twenty percent of ramp duration yields good results. 
The system described provides resolution from tO ns to less 
than 100 ps. We should keep in mind that as the resolution 
time decreases, so does the signal out and noise will be a 
problem. The 7 A 22 variable bandpass may be used to reduce 
noise but the display rate must decrease proportionally. This 
is easily done by varying the scan control on the 7T1 1. 

The lower limit on m* (t) in volts/ nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
10 ns without instrument modification. A useful lower limit 
set by noise places the longest ramp length that can be mea- 
sured with this system at about 500 ns. However, an external 
delay line can easily be inserted in die signal path of one sam- 
pling channel to extend the lower limit. 

CONCLUSION 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a measurement system. A ramp 
and its slope, m* (t) , are shown in the bottom photo at left. 
The resolution is about 5% of die ramp length. The risetime 
of the slope can be measured as well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response, and 
these quantities all relate to how linear the ramp is at any 
point. The advantage of having the ramp and the slope dis- 
played simultaneously is that the effect of circuit adjustments 
affecting the slope are seen immediately. 

The ability to differentiate fast waveforms can be useful in 
other applications as well, such as measuring impulse re- 
sponse by differentiating the step response. Differemiation of 
dieoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramps) , but with the 
ability to measure the derivative directly and display it, 
although limited by resolution time, the technique becomes 
even more useful. 
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SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 



By Charles Phifiips 

Product Service Technician, Factory Service Center 



This is the first in a series of articles on servicing the 7000- 
Series oscilloscopes. The 7704 serves as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents and construction techniques we will be discussing. It 
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry as these were covered 
extensively in the February 1909 to February 1970 issues of 
TEKSCOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low- voltage supplies is 
essential for the rest of the scope circuitry to function prop^ 
erly, so let's look at this section first. 

The high -efficiency power supply used in the 7704 is a new 
concept in power supply design that results in appreciable 
savings in volume, weight and power consumption. It is 
called *liigh efficiency” because its cfliciciicy is about 70% as 
compared to 45% for conventional supplies. The line-to-DC 
con verier /regulator contains most of the unconventional 
circuitry so our discussion will deal primarily with this 
portion. 

First, let*s briefly review the theory of operation. The high- 
efficiency power supply is essentially a DG-to-DC converter. 
The line voltage is rectified, filtered and used to power an 
inverter which runs at approximately 25 kHz. The frequency 
at which the inverter runs is determined basically by the 
resonant frecjuency of a series-LC network placed in series 
with the primary of the power transformer. The inverter 
drives the primary of the power transformer supplying the 
desired secondary voltages. These arc then rectified, filtered 
and regulated for circuit use. 

Pre-regulation of the voltage applied to the power trans- 
former is accomplislied by controlling the frequency at which 



the inverter runs. A sample of tlie secondary voltage is recti- 
fied and used to control the frequency of a monostable multi- 
vibrator* This multivibrator, in turn, controls the time that 
either half of the inverter can be triggered, thus controlling 
the inverter frequency* Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below the 
resonant frequency of the LC network. Remembering that 
the resonant LC network is in series with the primary of the 
power transformer, we can see that as the inverter frequency 
changes, the impedance of the LC network changes. The re- 
sultant change in voltage dropped across the LC tietwork 
keeps the voltage applied to the primary constant. Pre-regu- 
lation to about 1% is achieved by this means. 

Now, let’s turn our attention to troubleshooting the .supply* 
Assume you have made the usual preliminary checks; you 
have power to the instrument, the line selector on the rear 
of the instrument is in the correct position for the applied 
line voltage and the line voltage is within specified limits. 
The plug-ins have been removed to eliminate the possibility 
of their causing the power supply to malfunction* 

With the instrument power off, check the two fuses located 
in the line selector cover on the rear of the instrument. If the 
line fuse, FHOO, is open the problem is probably in the line 
input circuitry. If the inverter fuse, F8J0, is open the inverter 
circuitry is probably faulty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is ca.sily done by removing the four screws on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power -unit cover* cJieck to see that the 
neon bulb on the left side of the power unit has stopped 
flashing. The primary storage capacitors C8I5 and C814 




Simpiified btock diagram of high-efficiency fow-voltage power suppiy. 










reniain charged with high voltage DC for several minutes 
after tlie poiver line is disconnected. When this voltage 
exceeds about 80 volts the neon bulb flashes. While servicing 
tlie power unit, the discharge time of the storage capacitors 
can he speeded up by temporarily disabling the inverter 
stop circuit. Pulling Q8C4 before turning off the scope power 
tvill allow tlie inverter to keep running for a short time, thus 
draining most of the charge from the capacitors. A voltmeter 
reading between test points 810 and 811 on the line input 
board will indicate tlie charge remaining on the storage 
capacitors. Allow^ at least one minute lor the current-limiting 
thermistors to cool before turning on the power again if you 
use this fast -discharge technique. Do not attempt to discharge 
the capacitors by shorting directly across them as this will 
damage them. 

With the power-unit cover removed, orient the supply with 
die rectifier board on top, the line input board on the left 
and the inverter board on the right. This will make it con- 
venient to get to ail the test points as we go along. 

LINE INPUT BOARD 

First let's check the line input hoard. It's fairly easy to teil if 
this circuit is waking. The neon bulb previously mentioned 
will start flashing when power is applied. On some units it 
assumes a steady glow, on others it continues to flash. The 
voltage reading on test points S 10 and 81 1 should be approxi- 
mately 300 volts DC depending upon the line voltage. Be 
careful not to ground any point in this circuit except test- 
point ground or chassis. 

Typical troubles in this circuit causing the line fuse to open 
are shorted diodes on the bridge, CR8I0, or a shorted capaci- 
tor C810, C8I1, C8B or C814. 

INVERTER BOARD 

Next in line is the inverter circuit. The problems most com- 
mon to this circuit are open fuse F810, .shorted transistors 
Q825 or Q835, or shorted diodes CR825, CR835, CR828 or 
CR838. An open inverter fuse usually indicates trouble in 
the inverter. 

Before w'orking in diis circuit, unplug the power cord and 
give the storage capacitors time to discharge. Remove the 
line selector cover containing the line and inverter fuses. 
We’re now ready to make some resistance checks on the in- 
verter hoard. 

With your ohm me ter set to the xl kf2 scale, take a reading be- 
tween test points 826 and 836. The reading should be several 
megohms in one direction and 1.3 with the test leads 
reversed. Check between test points 836 and 820. You should 
gel a high and low^ reading as he! ore. This checks the tran- 
sistors and im porta m diodes in the inverter stage. If you 
get a low reading in both directions on either of these tests, 
remove the transistor from the side having the low reading 
in both directions. A set of readings between the appropriate 
test points will show whether it is the diode or the transistor 
that i.s defective. Diodes CR826 and CR836 are not checked 
by the above procedure but will not prevent the inverter 
from running even if shorted. Once you achieve a high 
resistance on both sides of the inverter, it will probably 
operate when you apply the proper power to it. However, 
before applying power, a quick check should be made on 
rectifier board test point 860 to ground. The resistance 
should be ^ 2 kl2 or 40 kO depending on the polarity of the 
meter leads. 



You can now prepare to apply power to the instrument. 
Install the line selector cover. Remove Q860 to disable the 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter board. Vertical sen- 
sitivity should be 30 V/div DC at the probe tip, the trace 
centered and the sweep speed set to 10 ^s/div. Connect a volt- 
meter between the +75 V test point and ground on the recti- 
fier board. Plug the scope into an auiotransformcr and with 
the line voltage set at zero volts, turn the instrument on. 
Slowly advance the line voltage wdiile watching the test scope. 
If the trace moves up or down, the inverter still has problems. 
If the trace holds steady, the inverter should start as the line 
voltage approach e.s 80 volts. A square wave of approximately 
25 kHz and 200 volts will appear on the test scope. Do not 
advance the line voltage any further. The +75 volt supply 
.should not he allowed to exceed 75 volts to prevent blowing 
the inverter fuse. 

RECTIFIER BOARD 

You are now ready to check the pre-regulator circuitry. Turn 
off the .scope and return the line voltage to zero volts. Replace 
Q860 in its socket. Slowly advance the line voltage w+ile 
monitoring the +75 volt supply. If the +75 volts holds 
steady, you can advance the line voltage to a normal setting. 
If the voltage is not stable or if the signal Ijeing monitored 
on test point 836 on the inverter board is erratic in frequency', 
tlie pre-regulator is not working properly. The quickest 
method of troubleshooting this circuit is to check the associ- 
ated transistors with a curve tracer or oh mine ter. The wave- 
forms shown on the facing page are typical for a properly 
operating supply. 

MECHANICAL CONSIDERATIONS 

Most of the components in the pow'er supply are readily 
accessible from the top of the primed circuit boards. How- 
ever, when it is necessary to remove a soldered -in component, 
wc suggest you remove the circuit board from the assembly 
and unsolder the component from the back side of the board. 
The line input board and the rectifier board are readily 




Low-voltage supply removed for easy servicing. Line input 
board is on the left side, rectifier board on top, and just the 
edge of the inverter board is visibie at the right. 
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reraoved by loosening two or three screws. The inverter 
board is somewhat more difficult to remove; the manual 
gives the proper procedure. 

Care should be exercised when replacing Q825 or Q835 
located on the ceramic heat sink on the inverter board. The 
mounting studs are soldered into the printed circuit board 
and may be broken loose by applying excessive torcjue. 



When placing the power unit back into the mainframe take 
care to properly dress the power unit cables between the 
power unit and the logic board. Lowering the swing-down 
gale on the right side of the instrument will let you guide 
the cables into place. 

In the next issue of TEKSCOPE we will discuss the 7704 high 
voltage power supply. 




Typicaf waveform TP836 for properly 
operating supply. Mid-screen is 0 Voits^ 




Waveform at TP860. Note frequency is 
twice that at TPeSB. 




Waveform at TPB59. Frequency in- 
creased siightiy due to tine vottage 
change. 
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INSTRUMENTS FOR SALE 



561 A, $500. 3T77, .$500. 3S76, $850. Harold 
Dove. 837 Uvalda St., Aurora, Colo, 8001 0. 
(303) 343-2906, 

3^5 HD, 514AD, 524AD. 502, 54!, 543A, 
180A. 2 ea. 160A, 161, 163, 162, Jim Ken- 
nedy, TcchnitroL Inc., 3825 Whitaker Ave,, 
Phila., Pa, 19124. (215) 426 9105, 

575, $900. Hans Frank, Dynaco, Phila., Pa, 
(215) C£ 2-8000, 

5Q2A, 202-1. Ron Calvanio or Dr. Denton, 
Mass. Gen'l, Hospital, Dept, of Anesthesia, 
Fruit St,. White Bldg., Boston, Mass. 02114, 
(617) 726^3851, 726^2034. 

2 ea. 513D, 517. Dr. Frederic Davidson, E.E. 
Dept., Johns Hopkins Univ„ Baltimore, 
Md. 21218. (301) 366-3300, Ext, 249. 

5 ISA, G. Katzcn, 243 W. Main St., Cary. 111. 
60013, (312) 639-4768. 

601, .$925, Dr. William Spkkler, Cox Heart 
Institute, 3525 Southern Blvd., Kettering, 
Ohio 45429. 

5 HD, $2.50 or trade for 3 in. model. Arthur 
Pfaizer, Hoover Electric, Hangar 2, Port 
Columbus Airport, Columbus, Ohio 43219, 
(614) 235-9634. 

56 i A , 3 A6 , 3 B4 , Pack age price , $ 1 250. P ierre 
Cathou, MIT Branch, P.O, Box 104, Cam- 
bridge. Mass. 02139, (617) 868-5782. 

53G, $100, 53/54B, $85, Dan McKenna. 
(517) 725-7211, 

2-453. Dave BaUstadt, Optical Digital Sys- 
tems, 1175 E. Highway 36, St, Paul, Minn. 
55109, (612) 484-8589. 

51 3D. Lou Chall, 28.34 Serange Place, Costa 
Mesa. Calif. 92626. (714) 545-6536. 

549. 1 AL 202-2. $2800 complete, J. C. Davis. 
Republic Natl Bank, Sunset Plaza, Pueblo* 
Colo. 81004, 



611, Dr. Les Wanninger. General Mills* 
Inc,, 9000 Plymouth Ave,. N,. Golden Val- 
ley, Minn, 55427, (612) 540-3444. 

561 A, 3A6* 3B3. Excellent condition. $1000. 
Might accept 321 or 321 A as part payment. 

(213) 792-4962, 

323, $850. C30AP, New. $450. Harold Moss. 
(213) 398-1205. 

536, 53/54K, 53/.54T* $800, S54* $300. Geo, 
Schneider, Profexray Div,, Litton Medical 
Products* 1601 Beverly Blvd., Los Angeles, 
Calif, 90026. (213) 626-686L 

511 AD. $300. C^ri Powell. 3906 Jackson 
Hwy. Sheffield, Ala. 35660. (205) 383-3330, 

13-RM561A/2A60/2B67 never used. Ac 
tractive discount. J. Wicland, 16950 Encino 
Hills Dr.* Encino* Calif. 91316, 

316. $600, I. R, Compton, Comptronics, 
3220-16r.h West. Seattle, Wash. 98119, 
(206) 284-4842, 

2B67, $175. 63 Plug-In. $100. Roger Kloep- 
fer. (517) 487-611 1. Ext. 392. 

514A. Geo, Butcher, Electronics Marine, 
P.O. Box 1194, Newport Beach* Calif, 
92665. (714) 673-1470, 

1L20. George Bates* Dynair Elect., 6360 
Federal Blvd,, San Diego, Calif. 92114, 
(714) 582-9211. 

611, $2000. Dr. A. Sanderson, Harvard 
Univ.. Electronics Design Center. 40 Ox- 
ford St., Cambridge. Mass, 02138, (617) 
495-4472. 

P6046 Probe, Amplifier, P,S,, $600. Bob 
Waters* Jr., ARCT, Inc., P.O. Box 11381* 
Greensboro, N,C. (919) 292-7450. 

503 w/Crid. Wm. Gelb, Gclb Printing Sc 
Lithographing Co.* 6609 Walton Sl, De- 
troit, Mich, 48210. (313) 361-4848. 

5.55 complete. Scope Cart. Fred Samuel, Ch, 
Engr„ WXTV, Ch. 41. 641 Main St.* Pater- 
son* N.J. 07503, (201) 345-0041. 



547* 422, 453* 502. Plug-Ins, Cal. Fixtures. 
Manrano Laboratories, Inc., 146 Quincy 
Ave„ N.E.* Albuquerque, N, M. 87108. 
(505) 265-7511, 

514AD, $260, J. Barsoomian, 31 Porter St„ 
Watertown, Mass, 02172. (617) 924^6475, 

2-531A/CA, $895. 2-531/CA, $695, 53/54C* 
$150, 2A63, $125. J. Boyd* Tally Corp., 8301 
ISOth South, Kent* Wash. 98031. (206) 
251-5500. Ext, 6787. 

545B, lAl, IA7, Scientific Industries* 150 
Hericks Rd„ Mineola. N,Y. (516) 746- 

5200. 

.547* 1A4* I A2, 202-2* as package or individ- 
ually. Phil DiVita, Data Di,s.play Systems, 
Inc.. 139 Terwood Rd,, Willow Grove* Pa. 
19090. (215) 659-6900. 

105, $100. Charles Yelverton, Jones County 
Jr, College, Ellisville* Miss. 39437. (601) 
764-3667. 

516, $1020. 564B/I21N, $876. 3A6* $440* 
3B3, $544. 545B* $1360. lAl* $520, 1A6, 
$236. 201-1, $116. 201-2, $124, 202-2, $124. 
Larry Classman, 5584 Benton Woods Dr.* 
N.E., Atlanta* Ga. 30342. (404) 255-.5432, 

55 1 A, CA* 202 Mod. A, $500 package, Tom 
Eckols, Dow Jones Co.* Dallas, Texas. 

(214) ME 1-7250. 



INSTRUMENTS WANTED 



453. W. Pfeiffer, 1332 E, Portland* Spring- 
field* Mo. 65804. (417) 869-0249. 

519, John Barth. Barih Corp,* 7777 Wall 
St,* Cleveland* Ohio 44125. (216) 524-5136. 

503, A, Ruben. Medical Sales Service* 270 
E. Hamilton St.* Allentown, Pa, 18103. 

(215) 437-2526. 

R361.\ or B, with or without Plug-Ins. Dr. 
Paul CoJeinan, Univ, of Rochester Medical 
Cntr.* Anatomy Dept., Rochester, N.Y, 
14620, (716) 275-2581. 



15 



A-2444 





TEKscope 

Volume 3 Number 2 March t97t 

Customer Inform at Jon from Tektronix, Inc., P.O. Box 500, Seavsrton, Oregon 97005 
Edttorr Gordon Allison Artist; Wancy Sageser For regular jnecoipt of TEKSCOPE contact your local field engineer. 



NEW PORTABLES 

pack more performance 

more viewing area 
more bandwidth 
more sensitivity 
more writing rate 
taster sweeps 



TEKTRONIX, INC 

P.O. BOX 500 
BEAVERTON. OR. 97005 






TEKTRONIX® 




committtd to 

tocfiniest oxcoltonco 



TEKSCOPE 

Customer Information from Tektronix, Inc. , 

P.O. Box 500, Beaverton, Oregon 97005 

Editor: Gordon Allison, 

Graphic Designer: Tom Jones 



Contents 

3 30 Hz resolution at gigahertz 
frequencies — a new direction in 
spectrum analysis 

Low incidental FM and excellent stability permit exacting 
measurements in the areas of spectral purity and close-in 
distortion. 



8 CRT READOUT — nicety or necessity? 

CRT READOUT offers many benefits to the scope user. 
Provision is made to insert your own data. 



10 



Cover: A close-up view of 
the display of the 7L13 
Spectrum Analyzer. The 
CRT Readout displays the 

Spectrum Analyzer control 1 3 

settings. Center frequency 
is 1521 MHz, frequency 
span is 200 Hz/di v, re- 
solution is 30 Hz and the 
video filter is set at 10 Hz. 

The reference level at the 
top of the screen is —20 
dBm and the vertical de- 
flection factor is lOdB/div. 
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30 Hz resolution 
at gigahertz frequencies— 

a new direction 
in spectrum analysis 
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F or some years the needs of highdrequeney spectrum analysis in die 
area of DC to 2GHz have been satisfied by a number of instruments 
whose incidental FM was in the order of 200 Hz. While these instru- 
ments have served well they do not permit exacting measurements in the 
areas of spectral purity and clhse-in distortion. As a result, the user is 
often compelled to adoj)t alternate test procedures which require die 
use of down-converters and low-frequency spectrum analyzers or wave 
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analyzers. The cumbersome nature oi these measure- 
ment systems coupled with the tightening of signal 
specifications by governmental regulatory agencies has 
created a need lor a high performance, high-frequency 
spectrum analyzer. 

Performance Goals 

At inception, the 7LJ3 program aimed at reducing 
internal FM and drift by an order of magnitude with 
commensurate improvement in resolution capability. 
Keeping in mind that most spectrum analyzers are al- 
ready somewhat difficult to operate, these improve- 
ments could not be accomplished at the expense of oper- 
ational ease. Indeed, additional improvements in oper- 
ational simplicity should be sought. 

First Local Oscillator 

It is the local oscillator system that determines the 
performance achievable in most spectrum analyzers. 
An examination of the oscillator system reveals that 
there are basically two oscillators under consideration. 



The choice of a crystal reference rate is com]>romised 
by the high phase noise associated with low-frequency 
references. The increase in noise arises from the require- 
ment for a higher multiplication rate of the funda- 
mental oscillator, whose behavior is characterized by 
the following equation: 



(2.2 GHz) as show^n in Fig. 1. The 3rd L.O. being 
crystal-derived at 95 MHz contributes negligible FM 
(<<1 Hz p-p) to the system. 

It is common practice, as the frequency span is re- 
duced, to phase lock the 1st L.O. to a fixed crystal refer- 
ence oscillator, thus stabilizing it while shifting the 
sweep function to the 2nd L.O.' The rate of the crystal 
reference oscillator determines the range over wiiich the 
2nd L.O. must be swept in order to complete the fre- 
quency coverage between the discrete lock points. 
Hence, a low-frequency reference is desirable from the 
view'point of design ease in the 2nd L.O. system. 



These are the 1st L.O. (2.1 - 3.9 GHz) and the 2nd L.O. 



DEGd8==20 logM, 
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1st 2nd 3rd 




Fig. 1. Frequency conversion system of the 7L13. 



Where: DEG is the degradation in spectral purity in 
dB and M is the multiplication factor. From the stand- 
point of phase noise it is desirable to choose a high rate 
for the crystal reference oscillator; however, conflicting 
requirements result. A 1-MHz reference rate is chosen 
as medium ground for the 1st L.O. reference. This 
permits a reasonable 2nd L.O. tuning range of 3 MHz 
as well as satisfying the phase noise constraint. 

There is a unique bandwidth for any oscillator servo 
system which will yield optimum spectral purity. This 
bandwidth is detennined by considering the relative 
spectra of the reference oscillator and the voltage- 
tuned oscillator (VTO) which is to be locked. In the 
1st L.O. servo loop, the loop bandwidth is chosen such 
that the excellent line-width properties of the crystal 
reference are translated to the YIG VTO. The broad 
noise pedestal associated with the same reference is 
rejected in favor of the faster falling noise sidebands 
of the YIG VTO. The FM performance of this system, 
when operating in the lock mode, is in the 1 Hz p-p area. 

2nd Local Oscillator 

The 2nd L.O. usually consists of a varactor-tuned oscil- 
lator operating in the region of 1.5 to 2.5 GHz. Exam- 
ination of the properties of this oscillator type indicates 
that under reasonable circumstances, 200 Hz is the 
minimum residual FM that can be expected as guar- 
anteed performance without resorting to external 
stabilization techniques. 

Improving the performance of the 2nd L.O. becomes 
a problem of designing an oscillator at a frequency 
where the desired stability and tuning range can be 
achieved. In this case a voltage-tuned oscillator op>er- 
ating from 16 to 19 MHz, and whose residual FM is 
approximately 1 Hz p-p, meets the requirements of a 
reference for the 2nd L.O. system. The stability prop- 
erties of this reference oscillator are translated to 2.2 



GHz by a typ>e-two frequency servo system as indicated 
in Fig. 2. The unstable 2.2 GHz oscillator, collector 
tunable over a =tl.5 MHz range, is heterodyned with 
a crystal-derived 2182.5-MHz (FM <I Hz p-p) signal. 
The product at 17.5 (±1.5) MHz is phase compared 




Fig. 2. Second L.O. stabilization system. 

with the 16 to 19 MHz reference oscillator and the re- 
sultant error signal is amplified and fed back to the 
collector of the 2.2 GHz oscillator. Thus, the 2.2 GHz 
L.O. is synthesized in such a manner that it replicates 
the product of the 16 to 19 MHz oscillator and the 
2182.5 MHz crystal-derived source within the band- 
width of the servo system. The complete 2nd L.O. 
system of the 7L13 exhibits a typical incidental FM of 
1 Hz p-p. 

A major distinction in the operation of die 2nd L.O. 
servo system (as opposed to the 1st L.O. loop) is that 
it is functional in all modes of 7L13 operation. The 2.2 
GHz oscillator is never allowed to assume a free run- 
ning mode and is under the control of the 16 to 19 
MHz VTO from the time the instrument is turned on. 
Consequently, there is no mention of a 2nd L.O. lock 
mode on the analyzer front panel, and the stabiliza- 
tion of the 2nd L.O. in no way complicates the use 
of the instrument. 







30 Hz Resolution Filter 

In order to exploit the extraordinary stability of which 
the 7L13 local oscillator system is capable, a 30-Hz 
resolution position was made available to the user. In 
light of the fact that the widest resolution bandwidth 
in the instrument is 3 MHz, a center frequency of 10 
MHz is chosen for the final IF. In order to keep system 
complexity to a minimum, this requires that the 30-Hz 
resolution filter be at 10 MHz as well. 

This filter is of the well known lower sideband lad- 
der design (Fig. 3) . It employs three quartz resonators 
whose unloaded Q is in excess of one million and has 
a nominal 60:6 dB shape factor of 10:1. These reso- 
nators, when exposed to temperature variations en- 
countered in the instrument (0‘^>50®C), are prone 
to alter their center frequency by a large fraction of the 
filter bandwidth. In order that the 30 Hz filter be able 
to maintain its bandpass characteristics under condi- 
tions of varying temperature, the quartz resonators 
are required to have matched temperature-versus-fre- 
quency properties. 

I I I I 

Fig. 3. Simplified circuit of the 30-Hz crystal filter. 

Frequency Readout and Tuning 

The availability of high linearity (typically .1%) YIG- 
tuned oscillators prompted the use of a digital fre- 
quency readout. This is accomplished by a digital volt- 
meter (DVM) which monitors the tune voltage of the 
1st L.O. The frequency information obtained from 
the DVM is multiplexed and displayed both on the 
front panel, by a light-emitting diode display, and on 
the analyzer screen via the Tektronix CRT READOUT 
system. This permits the user to measure frequency to 
an accuracy of ± (5 MHz + 20% of the frequency span 
per division) ; 20% of a division being as close as one 
can typically judge the signal position, taking into ac- 
count the effects of observation and the geometry of 
the display. 

Simplification of operation was achieved through the 
development of a single- knob tuning scheme. Pre- 
vious analyzers have often had two or more tuning 
knobs; and depending upon what mode the analyzer 
was operating in, inadvertent adjustments of the wrong 
tuning knob could cause severe frequency disturbances 
in the instrument. This problem is eliminated in the 



7L13 through a mechanism employing two magnetic 
clutches and a self-centering potentiometer. When this 
system is operated in spans where the 1st L.O. is stabi- 
lized, the 2nd L.O. potentiometer clutch is engaged. 
Starting from a centered position, it prohibits one from 
achieving lock with the 2nd L.O. tuning control against 
one stop. Further, access to the 1st L.O. potentiometer 
is denied the user by disengaging the 1st L.O. potenti- 
ometer clutch so that he cannot mistakenly tune the 1st 
L.O., break lock, and lose his display. When returning 
to spans which do not require 1st L.O. stabilization, the 
clutches alternate state returning the 2nd L.O. poten- 
tiometer to its centered position and permitting tuning 
of the 1st L.O. 

Convenience Features 

We have come to expect such user conveniences as 
absolute amplitude calibration, freedom from spurious, 
automatic frequency stabilization, coupled span and 
resolution controls, display warning indicators and such 
in our high performance spectrum analyzers; and in- 
deed they are all present in the 7L13. The 7L13 goes a 
step beyond and introduces the concept of full param- 
eter readout to spectrum analysis (Fig. 4) . All pertinent 
information, i.e., center frequency, resolution band- 
width, span, video filtering, vertical scale factor and 
power reference level may be viewed at a glance or 
permanently recorded by a photo of the display. 

Performance 

The graph of frequency tuning range versus resolution 
on page 3 shows the performance of the 7L13 and other 
instruments currently available. As is evident, the 7L13 
represents a significant breakthrough in the area of 
high resolution, high-frequency spectrum analysis. The 
7L13 has achieved a high degree of synergism with 
respect to spectral purity, resolution and drift. The 
instrument is not limited by the cleanliness of its oscil- 
lator system, as is so often the case with other high- 
frequency analyzers. As Fig. 5 shows, the shape of the 
30-Hz resolution filter is clearly defined for well over 60 
dB. This performance, familiar to users of low-fre- 
quency spectrum analyzers, is uncommon above a few 
hundred megahertz and due largely to the very con- 
servative 10-Hz FM specification of the 7L13. 

Resolution is a significant feature of a spectrum 
analyzer. Fig. 4 illustrates a 1476-MHz carrier, ampli- 
tude modulated at 50-Hz rate with both sidebands 
distinctly resolved. Fig. 6 shows the same carrier modu- 
lated at a 400-Hz rate along with residual 180-Hz line- 
related modulation on the carrier source 60 dB down. 

The question of how long a given stable signal will 
remain on the display may be resolved by the drift 
specification. Just how well the 7L13 conforms to its 2 
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kHz/hr drift specification is evident in Fig. 7. This 
time-lapse photograph, made at hourly intervals, re- 
veals a total drift of 4 kHz in (3 hours with 1.2 kHz 
occurring in the first hour. 

All of the foregoing performance features of the 7L13 
would lose much of their impact if the analyzer were 
not highly immune to intermodulation distortion. It is 
this property which in large part determines whether 
the display on the analyzer is real. Returning to Fig. 5, 
one can see that, in this 2-tone test at 1555 MHz with 
500-Hz tone separation, there are no visible Srd-order 
intermodulation products. 

In general, it is instruments like the 7L15 which will 
ease the burden of making critical spectral measure- 
ments at high frequencies. And this ability will set the 
direction for future improvements in communication 
equipment performance. 
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Fig. 4. 1476-MHz carrier modulated at 50 Hz. Note full pa- 
rameter readout. 




Fig. 5. Two-tone test at 1555 MHz shows freedom from dis- 
tortion along with spectral purity and resolution filter shape. 




Fig. 6. 1476-MHz carrier 100% AM modulated at a 400-Hz 
rate. 




Fig. 7. Time-lapse photo taken over a 6-hour period shows 
excellent drift characteristics of the 7L13. 






CRT READOUT - 
nicety or necessity? 

W hen the 7000-Series Oscilloscopes were being 
conceived much discussion centered around a 
scheme to j^resent alphanumeric information on the 
CRl' along with the waveform. Would the benefits de- 
rived justify the engineering effort required? What 
about the added cost to the customer who didn't need 
or want readout? These and related questions con- 
sumed hours of discussion. 

The question of added cost for those not needing 
readout was neatly resolved by placing the bulk of the 
readout circuitry on a single printed circuit board. 
Easily installed or removed, readout could be included 
at the time the instrument was ordered, or added later 
at the customers preference. Only time could ade- 
quately answer the question of whether the benefits 
would justify the effort required. 

How It Works 

Here, briefly, is how the readout system works. The 
system uses an electronic: character generating circuit 
which lime shares the CRT with the normal scope func- 
tions. rhe characters are formed by a series of X and Y 
analog currents developed by Character Generating 



l.C.’s. A set of 50 different characters are provided, with 
the capability to add others as the need arises. Included 
are all of the numerals, most of the alphabet in upper 
case, the symbols, p, n, /x, m and other special symbols. 

To minimize ccxiing complexity an analog coding 
scheme was developed in which data is encoded by 
means of resistors and switch closures. This data is gen- 
erated in the plug-in by connecting these resistors be- 
tween time-slot pulses and data output lines via the 
appropriate switch. The coding scheme includes two 
channels for each plug-in so that dual trace amplifiers 
and delaying/delayed time bases can be accommodated. 
A maximum of eight words can be displayed, corre- 
sponding to two channels for each of four plug-ins. The 
position of each word on the CRl' is fixed and related 
to the plug-in from which it comes. Each channel will 
display one word having up to ten characters. The 
characters are normally written without redundant 
spaces, but spaces can be called for in the code if de- 
sired. Only those channels in use have their readout 
displayed. 

Some Benefits of Readout 

Now, what are some of the benefits afforded by CRT 
READOUT? To those whose work entailed photo- 
graphing the waveform a major l^enefit was immedi- 
ately apparent. 7"he vertical deflection factors and 
sweep rates could be recorded right on the film with the 
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displayed waveform. This would be a real convenience 
and time saver. 

Another major benefit was the reduction of ojjerator 
error in making measurements. More than one piece of 
research has had to be ledone because of faulty data due 
to probe attenuation or uncalibrated knob settings 
going unnoticed. With CRT READOUT, the scale 
factor at the probe tip is automatically indicated when 
the proper probe is used. An uncalibrated knob setting 
is denoted by displaying < or > before the reading, 
e.g., <500 mV. 

And then came a major breakthrough in oscilloscope 
capability. With the introduction of the 7D14 plug-in 
the oscilloscope became a 500 MHz digital counter'; 
the CRT READOU T serving as the display lor the 
counter. And the oscilloscoj>e/ counter combination 
opened the door to previously difficult or impossible 
measurements. For example, selectively-gated counter 
measurements could now be made easily and accurately. 

Another digital plug-in added digital voltmeter and 
temperature measuring capabilities. A digital delay 
plug-in provided a digital delaying time base and the 
ability to delay by a selected number of events. Spec- 
trum analysis was included with reference level, dB /div, 
frequency span, resolution and other calibrated param- 
eters all displayed by CRT' READOUT. 

Another significant measurement capability was in- 
troduced with the Digital Processing Oscilloscope. This 
instrument marries the oscilloscope to a computer or 



desk top calculator. Here, again, CRT READOUT 
plays a vital role in displaying the parameters of the 
signal displayed on the screen, which may be consider- 
ably different from the signal fed to the oscilloscope 
input. 

Getting a Word In 

It didn't take long for customers to voice a need for 
putting their own words in the readout— information 
like the date, test number or the engineer's name. 7'o 
accommodate these needs a “typewriter" plug-in was 
developed. The 7M13 Readout Unit provides a front- 
panel keyboard to write alphanumerics and a selection 
of symbols. Tw'o ten-character words can be written on 
the CRT screen, one at the top and one at the bottom, 
in the position associated with the selected plug-in slot. 

CRT READOUT In a Low Cost Scope 

Because of its proven value, CRT REA DO U'F is also 
included in the new^ 5'1()() Series, a line of low-cost, 60 
MHz, plug-in oscilloscoi>es. Here again provision is 
made to insert tw^o ten-character words of your own 
choice in the readout via a 25-pin connector on the rear 
panel of the scope. An optional plug-in program board 
makes it easy to build your own words. 

Summary 

CRT READOUT has proven to be much more than 
just a convenience, it is the key that opens the door to 
new^ measurements for the oscilloscope user. Just what 
the total benefits will be remains to be determined. 
We’re still discovering new ones right along. 

‘Tekscope, Januaiy 197.3, **A new world of measurements for the 
oscilloscope." 
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The readout in this photo was pro- 
grammed by the computer in a Digital 
Processing Oscilloscope system. The dou- 
ble V indicates the waveform is the re- 
sultant of tw'o voltage signals multiplied 
together. 
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Flexible disc measurements 
simplified by digital delay 



Teknique 



S ignals from a flexible disc and its associated circuitry can be measured 
using a conventional delaying sweep. However, jitter caused by small 
speed variations in the rotating disc can make the display difficult to inter- 
pret. And when you consider that there may be 100,000 data bits on a single 
track you can appreciate the difficulty of locating a particular bit. The 7011 
Digital Delay Plug-in eases the task considerably. 

The7Dl 1 can be used in any 7000-Series Oscilloscoj>e having CR7^ READ- 
OUT. The plug-in has two basic modes of operation. The first is a Delay- 
by-Time mode, where a highly accurate internal clock is the time base from 
which delays are derived. Digital delays from 100 nanoseconds to 1 second. 



in lOO-ns increments, are available in this mcxle. A 
hel id ial-con trolled analog delay provides an additional 
0 to 100 ns of delay providing time delay resolution up 
to I ns. 

The second mode of operation, Delay-by-Events, is 
the motle we’re most interested in for this application. 
In this motle the 7D1 1 counts arbitrary trigger events, 
and delivers an output (notifies the delayed sweep) 
when the preselected number of events is reached. The 
unit can count events from I to 10,000,000 occurring at 
rates uj> to 50 MH/, and the events can be periodic, 
aperiodic, and contain instability such as jitter and 
drift. 

To determine when to start counting the selected 
number of events, we need to provide a related syn- 
chronization j)ulse to the Events Start Trigger input of 
the 7DI 1. This could be the origin pulse, or, perhaps, a 
sector pulse from the flexible disc, depending on the 
measurement to be made. 
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Fig. 2 (a) Timing relationship between the index and sector 
pulses. 






CLOClC~—fl 


L n n n n 


1 4.0^ 




r 

n 


• •I j ^ ^ 

ZERO "ONES'* 

n n' vn 



fl_JLJl_n_ ILJLJLJLJL 

Fig. 2 (b) WRITE data timing and signal waveforms. 



Now let’s take a look at some measurements on the 
flexible disc system. We wdll be working with the Mem- 
orex 651 Flexible Disc Drive. This system uses a disc 
speed of ^375 RPM. Depending on user requirements, 
the data may be organized on the disc in multiple rec- 
ords per track (.sector) or single record per track (in- 
dex) format. There are 82 sectors and 64 tracks on the 
disc. Fig. 1 show's the format for each mode of operation. 

The clock frequency used is 250 kHz. The clock is 
recorded on the track along with the data to permit 
accurate readout of data with variations in disc speed. 
Fig. 2 shows the relationship between the index and 
sector pulses, and the clock and data pulses. The READ 
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Fig. 1. Formats for data organized for multiple record per track 
(sector) and single record per track (index). 



head reads the combined clock and data pulses recorded 
on the disc. T he READ logic amplifies and separates 
them into two outputs: separated cl(x:k signals and 
separated data signals. 

Signal Variations from Track to Track 

One of the problems encountered in using a disc is the 
change in amplitude of the sig^ial on the disc as you 
move from an outer track to an inner track. Fig. 8 (a) 
is the signal from Track 00 and 8 (b) the signal from 
Track 68. The bottom waveform in each photo is the 
analog signal from the READ head; the top waveform 
is the signal converted to a negative-going TTL-com- 
patible pulse. You will note the events count is 1247. 
This indicates we have triggered the EVENTS START 
from one sector pulse and delayed out to permit us to 
view the start of data in the next sector. The shift of the 
data to the left in Fig. 8 (b) is due to the fixed spacing 
between the WRITE and READ heads causing us to 
miss more of tiie 186 bits between the start of the sector 
pulse and the start of data as we move tow'ard the center 




Fig. 3 (a) The lower trace is raw data from the READ head 
while reading Track 00. Upper trace is signal reconstituted 
in TTL-compatible format. 
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Fig. 3 (b) Same signal source as in 
Fig. 3(a) read from Track 63. 



Fig. 5. Time interval from end of 
data in one sector to start of next 
sector pulse is easily viewed with the 
7D11. 



Fig. 7. An events count of 1040 takes 
us near the end of a sector to view the 
8-bit strobe pulse moving data from 
the shift register to the computer ter- 
minal. 
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Fig. 4. Setup for making measure- 
ments displayed in Figs. 3(a) and 
3(b). 



Fig. 6. Setup for making measure- 
ment displayed in Fig. 5. 



Fig. 8. Setup for making measure- 
ment displayed in Fig. 7. 



of the disc. The setup to make this measurement is 
shown in Fig. 4. 

Another point of interest in the system is the interval 
from end of data to the start of the next sector. This is 
shown in Fig. 5. The upper trace shows the data ending 
100 ijls from the start of the sweep. The lower trace 
shows the next sector pulse starting approximately 500 
fis later. The events count of 1037 was selected to place 
the leading edge of the sector pulse conveniently on the 
vertical graticule line. Fig, 6 shows the 7704A setup for 
this measurement. 

The photo in Fig. 7 shows some interesting sets of 
signals in the system. There are 1048 data bits recorded 
per sector. An events count of 1040 was selected so we 
could view the last data in the sector and check for the 
8-bit strobing pulse that would transfer the data from 
the shift register to the computer terminal. The follow- 
ing 8-bit strobe pulse transfers the shift register to the 
next character. Fig. 8 shows the setup for this display. 



Summary 

These are just a few examples of the use of the 7D11 
Digital Delay unit in making measurements in a flex- 
ible disc system. It provides a convenient means of 
locating and viewing any of the thousands, or in some 
cases, millions of bits of data present in the disc system. 

Other digital plug-ins such as the 7D12 A/D Con- 
verter and the 7D15 Universal Counter/Timer are also 
valuable aids in making accurate voltage and timing 
measurements in a disc system. ^ 
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Servicescope Servicing the 465 

portable osciiioscope 



r' 



T he first thing you need to know in servicing a product is how to get the 
cabinet off. This is less than obvious in much of the packaging used 
today. You will find it takes a little longer to remove the 465 cabinet than 
you’re accustomed to with the 453. But there's a good reason. The 465 is six 
pounds lighter than the 453A. And part of the weight reduction is achieved 
by using the cabinet to mechanically strengthen the package. This is accom- 
plished by extending the cabinet slightly beyond the rear panel of the instru- 
ment. When the rear ring assembly, with the feet attached, is installed and 
tightened down it compresses the cabinet and pulls on the main chassis mem- 
ber, stressing both of them. 1 his stress adds strength to the package. 

The best procedure for removing the cabinet is to put the front cover in 
place, set the instrument on the front cover and remove the six screws holding 
the rear ring assembly. Four of these serve as mounting screw's for tlie rear 
feet. The cabinet is then slid off vertically. When replacing the cabinet on 
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earlier instruments, take care that the cabinet clears 
the components on the trigger-view board. In later 
instruments this circuitry is laid out on the trigger 
board. 

It would be well at this point to make sure the in- 
struction manual you are using matches the instru- 
ment you are servicing. Tektronix has always followed 
the policy of modifying the circuitry to improve per- 
formance and reliability as the occasion arises. Modifi- 
cation information is added in the back of the manual 
to keep it current with the instruments being shipped. 

The Power Supplies 

When a problem area is not readily apparent from front 
panel indications, a good place to start troubleshooting 
is the power supply. Temporarily-high line voltage 
sometimes causes the line fuse to blow. In instruments 
below SN B080000, circuits powered from the +120 V 
supply are protected from high line voltage by Q54 
(Q1514 in some instruments) . Should the line voltage 
exceed a given level, Q54 conducts placing a short 
across the transformer secondary and blowing the line 
fuse. When replacing the fuse you should use the speci- 
fied value to prevent damage to the circuits protected 
by Q54. If the line voltage in your facility tends to 
fluctuate in the upward direction you may set the line 
Range Selector Switch Bar to the high position. The 
front-panel low-line light will come on should the 
line voltage fall below the lower limit of the regulating 
range selected. 

Another problem you may encounter in the low- 
voltage supply is CR1512 shorting and taking out 
C1542. The cure for this is to remove CR1512. Do not 
discard this diode as it can be used in a modification to 
improve the high-voltage supply reliability. 

The high-voltage supply is often difficult for many 
of us to troubleshoot. Here are some hints on servicing 
these circuits in the 465. The first step is to isolate the 
problem area. There are three major areas of concern: 
the high-voltage oscillator and DC-error amplifier, the 
over-voltage protection circuit, and the secondary load 
including the CRT and the high-voltage multiplier. 
By disconnecting the appropriate circuit the high volt- 
age should come up. Try the following sequence: 

1. Remove the CRT socket — this eliminates the 
CRT. 

2. Disconnect CR1412— this eliminates the over-volt- 
age protection circuit. 

3. Remove Q1416 and place an 820 a to 1 ko resistor 
between the collector and emitter pins. This 
allows 8 ma of turn-on bias current to start the 
oscillator. If this does nothing, replace C1416 and 
C1419. (C1419 should be replaced anytime the 
high-voltage oscillator Q1418 is shorted.) 



If at this point the high-voltage reading at TP 1423 is 
;^-400 volts, the high-voltage multiplier is most likely 
defective. In newer instruments this can be quickly 
checked by lifting the dummy resistor that connects the 
multiplier ground. Arcing from this point to adjacent 
circuitry sometimes occurs when this ground strap is 
lifted. For earlier instruments you will have to remove 
the vertical preamp board and the multiplier cover to 
get to the high-voltage transformer and multiplier con- 
nection. Lift the transformer lead and CR1421 from 
the mounting post on the multiplier, connect them 
together and dress them away from the mounting post 
to prevent arcing across. If the negative high-voltage 
supply comes up now, the multiplier is defective. A de- 
fective multiplier will also sometimes cause high-volt- 
age fuse F1419 to blow. 

Another condition that can effect the high voltage is 
leakage in diodes CR1482, CR1483, CR1487 or CR1488. 
These are in the CRT grid bias supply and can turn 
the beam on hard or turn it off so you have no intensity. 
Another point to check is pin 12 on the CRT; this 
should be +150 V. Leakage in C1427 may pull this 
point down in some instruments between SN B080000 
and B 130000. 

Check to see whether R1427, which parallels Cl 427, 
has a zener diode in parallel with it. If not, your instru- 
ment doesn't have the high-voltage reliability modifica- 
tion and it should be installed. It consists of adding or 
changing just four components: 

1. CR1476 located near Q1474 should be replaced 
by CR1512 which you removed from the low- 
voltage supply. 

2. A 0.1 /aF, 200 V capacitor should be added from the 
cathode of CR1476 to ground. 

3. A 180 V zener, Tektronix part number 152-0289- 
00, should be paralleled with R1427 with the 
cathode to ground. 

4. Lift the cathode end of CR1427 and add a 1.8 ko, 
!4 W, 5% resistor between the cathode and the 
point to which it was soldered on the circuit board. 
This completes the modification. 

The Sweep Circuit 

The sweep circuit contains several feedback circuits 
and is difficult to troubleshoot unless you break the 
feedback loop. A convenient means of doing this is to 
pull the Disconnect Amplifier, Q1024. This causes 
one sweep to be generated and often provides a rapid 
clue as to what portion of the circuitry is in trouble. 

The horizontal amplifier circuitry is push-pull and 
can be checked by the usual method of shorting the 
two sides by means of a jumper. Another useful tech- 
nique is to swap transistors in each stage and see if 
the problem changes sides accordingly. 



14 








Fig. 2. A portion of the interface board showing location of 
the high voltage multiplier ground strap and other components. 

The Vertical Amplifier 

If you have occasion to service several 465's you may 
note that some units have an integrated circuit output 
amplifier while others use discrete components. The 
front panel BEAM FINDER contiol provides a rapid 
means of detecting trouble in this circuitry. Pressing 
the BEAM FINDER button should bring the trace on- 
screen vertically. If it doesn't, look for the problem in 
the output amplifier circuitry. 

Moving to the preamp, one of the more elusive prob- 
lems you may encounter is an intermittent contact 
between transistors and their sockets. What usually 
happens, is the transistor is pulled from the socket, 
tested and found to be O.K. When the transistor is 
put back into the socket, the problem disappears. 
The basic cause seems to be a tendency for the contacts 
to “wick up" rosin and solder during the automatic 
How soldering process. A change has I>een made in man- 
ufacturing procedures to overcome this tendency. If 
you suspect that you have this problem, you can clean 
the socket with isopropyl alcohol, using a wire to 
loosen the rosin inside. A camel hair brush works best 
in applying the isopropyl and a syringe is handy for 
blowing out dirt particles. 

Another question often asked is how to get tlie tran- 
sistor pairs used in the preamp, properly mounted in 
their heat sinks. The easiest way is to first insert the 
transistors in their sockets and then slip the heat sink 
loosely over them. Next, extract the transistors and 
heat sink together by gripping the heat sink firmly with 
a pair of pliers, and pulling. Continue to hold firmly 
with the pliers while tightening the screw in the heat 
sink. Then reinsert the transistors in their sockets. 

While we’re in the preamp area, another condition 
sometimes occurs that apj^ears to be drift in the vertical 
attenuator comjjensation. In most cases this results from 
the technique used in making the adjustment. The 




Fig. 3. A portion of the interface board showing the high- 
voltage reliability modification installed. 



compensation capacitors have a spring that provides 
tension. When making the adjustment it will help to 
“rock it in" to remove the torque portion of the spring 
tension. Just overshoot the desired setting a little and 
then back off to the proper point. 

Mechanical Considerations 

One of the unique components used in the 465 is the 
cam switch developed by Tektronix. These are rel- 
atively trouble-free but occasionally require cleaning 
of the contacts. Isopropyl can be used for this purpo.se. 
Here again you will find a camel hair brush handy. 
Do not use cotton swabs as they are prone to snag on 
contacts, damaging them. 

Special care is needed when working on the vertical 
attenuator cam switches. The polyphenylene oxide 
boards are brittle and easily damaged by using too 
much force when tightening the screws holding the cam 
switch. Two fingers on the screwdriver will provide 
enough torcpie. These boards also are easily damaged 
by heat so when soldering on them, use a .small iron 
and get on and off quickly. 

Cleaning the Instrument 

The same procedures and materials used to clean other 
Tektronix instruments can be used for the 465. For 
washing the entire instrument a solution of one part 
Kelite to twenty parts water can be irsed. For spot clean- 
ing, especially in the area of the vertical attenuator 
boards, you should use isopropyl alcohol. Carbon-based 
solvents will damage the polyphenylene oxide boards 
used for the attenuators. This is also important to keep 
in mind when using spray coolants in this area, 'gl 
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INSTRUMENTS FOR SALE 

360 Indicator, 126 Power Supply with cab- 
inet, 1 145, Robert Kaplan, Ebasco Services 
Inc., 2 Rector St., New York, NY 10006. 
(212) 344-4400. 

317, (2) 321A’s. Lindsay Acuff, Cleveland 
Electric Co., 557 Marietta St. 1 N.W., Atlanta, 
GA. 30313. (404) 524-8422. 

434 w/cart and accessories, unused. Roy Mad- 
ison, 1606 18th Ave., PO Box 1088, Tusca- 
loosa, AL 35401. (205) 345-2990. 

453A MOD127C in mint condition. $1750. 
Charles Boster, Box 2376, Apt. H-203, 635 
Baker St., Costa Mesa, CA 92626. (714) 
557-0792. 

453, three years old, $1250. Fred Lindsey, 
Vallejo, CA. After 5:00 PM. (707) 644-7037. 
503, good condition. $200. Ray Lefebrve, 
Electrical Eng., Louisiana State Univ., Baton 
Rouge, LA 70803. (504) 388-5241. 

514D (7) , 514AD, 511AD, 531 fair condition. 
Best offer. W. A. McConnell, Dutchess Com- 
munity College, Poughkeepsie, NY 12601. 
(914) 471-4500, Ext. 268. 

517, less power supply. Will trade for 530/ 
540 Series vertical plug-in. Dr. Shuster, Box 
U125, University of Conn., Storrs, Conn. 
06268. 

517A w/ power supply, no cables. As is $135. 
Type B plug-in, 122 preamp, 280 trigger. E.C. 
Fether, 8713 Marble Dr., El Paso, TX 
79904. (915) 755-0226. 

527 Waveform Monitor, MOD 132. Thomas 
O’Brien, 2194 Coker Ave., Charleston, SC 
29412. (803) 556-8824 (home), (803) 792- 
3030 (business) . 

531A, $400; 533, $450; B, $50; CA, $165. 
Exc. condition. Kurt Dinsmore, Box 67, 
Richardson, TX 75080. (214) 271-2431 or 
(214) 238-0591, evenings. 

543B, 1A2 plug-in, good cond. $800 or best 
offer. Pat Young, (415) 654-6855. 

545 A w/cart, 2 ea. Best offer. Neria Yomtou- 
bian, Master Specialties, 1640 Monrovia, 
Costa Mesa, CA 92627. (714) 642-2427, Ext. 
218. 

545A, RM 35A, lAl, CA and two ea. 541’s. 
Howard Baugh, Wyle Computer Products, 
Inc., 128 Maryland St., El Segundo, CA. (213) 
678-4251. 

547, lAl, 1A5, like new, best offer. Paul 
Fincik, Automation Sys., Inc., 7031 Mar- 
celle St., Paramount, CA 90723. (213) 634- 
5810. 



INSTRUMENTS FOR SALE 

549, lAl. Maurice Bruneau, Nashua Corp., 
44 Franklin St., Nashua, NH 03060. (603) 
883-7711, Ext. 506. 

549, $1000. Mike Surratt, OECO Corp., 712 
S.E. Hawthorne, Portland, OR 97214. (503) 
232-0161, Ext. 349. 

561A/3A75/2B67, like new. Jack Gerylo, 
5707 Santa Fe St., San Diego, CA 92109. 
(714) 453-4013. 

661/5T4/4S1, clean, like new. Want Collins 
30S1 linear or equiv. dollar value. Ed Val- 
entine, Top-O-Hill Rd., Wappingers Falls, 
NY 12590. (914) 297-3461. 

661/4S1/5T1, excellent cond. Sell or trade 
for real time scope around 10 MHz. George 
Capasso, 25 Quarry Dr., Wappingers Falls, 
NY 12590. (914) 297-7538. 

3S7, 3T7 TDR plug-ins, never used. $950. 
Art Eberle, Columbia Gas Systems, 1600 
Dublin Rd., Columbus, OH 43212. (614) 
486-3681, Ext. 461. 

2B67 and 3A74 to trade for 3B3 or 3B4 and 
3A6. H. L. Beazell, 104 Key West Dr., Char- 
lottesville, VA 22901. 

202-2 Cart, $100; E Plug-in, $60. Neil Per- 
ing, 2803 Kipling, Palo Alto, CA (415) 321- 
2714 or Walt Sonnenstuhl, 41 Moraga Way, 
Orinda, CA 94563. 

C-31 Camera, excellent condition. Reason- 
able. Mr. Sinclair, 160 E. 84th St., N.Y., NY 
10028. (516) 234-0200 (days); (212) 861- 
9862 (evenings) . 



549 w/lAl. Bob Schmidhammer, Metric 
Data System, Rochester, NY. (716) 325-6550. 

515, good condition, $300. Hal Greenlee, 430 
Island Beach Blvd., Merritt Island, FL 
32952. (305) 853-9991 (business) , 636-0805, 
(home) . 

R5103N/D12, three 5A24N’s. Almost new. 
Best offer. Maurice Asa, Box 2947, Rock- 
ridge Station, Oakland, CA 94618. (415) 
654-2665. 

2601, 26A1, 26A2, 26G3. John Foster, N/J 
Electronics, P.O. Box 577, Laramie, WY 
82071. 

211 (15). Richard Strickler, Storage Tech- 
nology Corp., 2270 S. 88th St., Louisville, CO 
80027. (303) 666-6581. 

TELEQUIPMENT DM64, new. $1,000 or 
best offer. Alpha Labs, Inc., 2115 No. Piedras, 
El Paso, TX 79930. (915) 566-2927. 



INSTRUMENTS FOR SALE 

C-27R Camera, Polaroid roll film back and 
bezel. Good condition. $375. (203) 848- 

8614 after 7:00 P.M. 

546 (2), like new, $1250 ea.; 543 w/CA, 
$750. Consider good cash offer. Ivan Sund- 
strom, 695 E. 43rd, Eugene, OR 97405. (503) 
686-2380 evenings, weekends. 

531 A / CA / D. Wayne Siebern, St. Joseph 
Power & Light, 520 Francis, St. Joseph, MO. 
(816) 238-0025. 

516, excellent condition. $500. Dave Fried- 
man. (213) 837-3089. 

564B W/2B67, 3A6, scope cart and C-27 
Camera, new. Also 585A with 53/54G and 
scope cart. 661 w/4Sl and 5T1 and scope 
cart. Excellent condition. Chemistry Dept., 
Univ. of Bridgeport. (203) 384-0711, Ext. 
382. 

(3) 51 OS’s. $450 ea. or best offer. Also (3) 
5B10N's, (3) 5A18N’s and (1) 5A21N. Jon 
Orloff, Elektros Inc., 10500 S.W. Cascade Dr., 
Tigard, OR 97223. (503) 620-2830. 

INSTRUMENTS WANTED 

160 Power Supply in working condition. 
Prof. Winthrop Smith, U46 University of 
Connecticut, Storrs, CT. (203) 486-4918. 
321 A. Marvin Loftness, 115 W. 20th, Olym- 
pia, WA 98.501. (206) 357-8336. 

422, 465 or any portable scope. H. O. Van 
Zandt, 18 Chandelle Dr., Hampshire, IL 
60140. (312) 683-3690. 

453 or 454. S. L. Shannon, G.T.W.R.R. 
Radio Shop, 105 Hampton, Battle Creek, 
MI 49016. 

520 or 520A. A1 Dodds, Applied Video Elec- 
tronics, Inc., P.O. Box 25, Brunswick, OH 
44212. (216) 225-4443. 

555 with time bases, C-12 or C-27 Cameras. 
A. C. Smith, Jr., High Voltage Lab., Cornell 
Univ., 909 Mitchell St., Ithaca, NY 14850. 

2-2A60’s. Darwin Carner, General Electric, 
3001 E. Lake Rd., Erie, PA 16501. (814) 
455-5466, Ext. 2635. 

2A63. Roy Schreffler, Box 531, Knox, PA 
16232. 

Plug-in vertical amplifiers for TELEQUIP- 
MENT D43 scope. Wm. A. Richards, 46 
Alderwood Lane, Rochester, NY 14615. 

TELEQUIPMENT D67, D85. 453 or 422. 
Also 3B3 plug-in. Hal Greenlee, 430 Island 
Beach Blvd., Merritt Island, FL 32952. (305) 
853-9991 (business), 636-0805 (home). 
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S tate of the art direct-view storage takes a big step 
forward With the introduction of the TEK- 
TRONIX 7834 Storage Oscilloscope. Up to now the 
maximum stored writing sj>eed has been 1000 cm//AS in 
the 7635 plug-in oscilloscope and 1350 cm//^s in the 466 
poruible. Both are 100 MHz instruments. 

and it’s 



Tlie newwri ting speed mark is 2500 cm//tSj 
coupled with 400 MHz bandwidth in the new 7834, 
This means you can now capture a 3.5 cm high, .single- 
event risetime of 1 .4 ns. 

The 7834 is a general-purpose laboratory oscilloscope 
w4th all of the synergistic measurement power pro- 
duced by the four plug-in capability of the 7000 vSeries. 
For example, real time and spectrum analyzer plug-ins 
can be housed to simultaneously present both time and 
frequency domain displays for a given signal. Using the 
7834’s variable }->ersisteiice stoiage mode, a steady dis- 
play of the time domain can be viewed w'hile observing 
slow^ changes in the spectral content. In another con- 
figuration, logic analyzer and real time plug-ins can 
be combined to zero in on a logic fault and then dis- 
play that fault in real time, even iliough it may occur 
only once. 



Multimode storage 

The 7834 features niiikimode storage- bistable, 
ble persisienxe. and fast mmles lor each, pioneered in 
the 7623 a few' short years ago. 

The bista ble storage-d isptay is c haracter ized by having 
two intensity levels^ the storeti-image intensity and the 
background level. There are two such modes: BISTA- 
BLE and FASl^ BfSTABLE. The chief advantage of 
both of these mcKles is long view'-time. Once an image is 
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A big step forward for direct-view storage. 

The new 7834 Storage Oscilloscope combines 400 MHz 
bandwidth and 2500 cm/^s stored writing speed in a 
four plug-in 7000 Series mainframe to bring you a new 
high in performance and versatility in a general purpose 
oscilloscope. 

Counter and oscilloscope combination makes 
difficult measurements. 

Selective counter measurements are easy to make using 
an oscilloscope w'ith delaying sweep and dual trace alge- 
braic add functions. 

Testing three-terminal regulators with a curve 
tracer. 

A 577/178 Curve I racer provides an ideal answer to the 
need for performing short run incoming inspection tests, 
circuit design, or device characterization of three-termi- 
nal regulators. 

Tektronix products get dirty, too! 

Part II describes "dry cleaning" tcchnicpies for tho.se 
users who can’t release their instruments long enough 
for a thorough wash job. 

0>ver: Dr. Ciail Massey of Oregon (graduate Center stud- 
ies a Y.\C laser pulse stored and displayed on the 4(X) 
MHz 7834 .Storage Oscilloscope. 
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stored, it cm be viewed lor an extended ]>ericKl. The 
BIS'rABIT mode is the simplest oi all to use, with no 
adjustments lor storage sensitivity other than the in- 
tensity eonu t)!. Also, with a high rcsistame to blooming, 
this motle is unsur|)asscd lor storing extremely low- 
irequenev events that tequire a slow moving spot oti the 
crt. rhis mode, therelore. ( an (a])ture waveforms with 
extreme dilfereiues in spot movement speed. Fhe chief 
limitation is writing speed. 1 he FAS I BISTABLE 
mode also is resistant to l)looming and overcomes the 
low writing speed limitation. It is the second fastest 
mode of the instrument, with a writing speed of 350 
on/ */s in redmed scan, and is useiul in capluring single- 
shot information. 

\^ariai)le-persisteme storage dis]>Iays are character- 
izetl by controllable |>ersistence (the rate at which the 
stored display fades), ryjrically. this rate of fading may 
be adjusietl from 1 or 2 se<onds to well over a minute, 
rhere are two such modes: V^VRIABLE PERSIST- 
ENCE and FAST VARIABLE PERSISTENCE. The 
chief advantage of these modes is Iiigh writing sj>eed. 
U'hen the storage controls are optimized, writing speed 
is many times gieater than in the corresponding bistable 
modes. The storage controls may also be adjusted to 
provide high-contrast displays that are especially ad- 
vantageous lor photography. In both variable })ersist- 
ence modes, view time (the length of time a stored trace 
is distinguishable from the backgr<jund) is less than in 
the bistable modes, and is shortest of all when adjusted 
lor highest writing speed. View lime can be im teased by 
using the SAVE mode as on other storage oscilloscopes. 
The VARIABLE PERSISTENCE mode in the 78.34 
a dim display of a fast, low-repetition-rate 
signal, into a bright, flicker-free display tor easy view- 
ing of signals that are l>eyond the display capability of 
non-storage instruments. By varying die persistence (or 
rate of fading), the best compromise can be reached be- 
tween lack of nicker and ability to follow changes in 
the waveform. 

The FAS r VARIABI.F PERSISTENCE mode pro- 
vides the highest writing speed of all, 2500 cm//xs in re- 
duced scan. This mode is most useful for capturing 
high-.speed single-shot events such as fast rise pulses en- 
countered in laser fusion reseaich, destructive testing, 
and high speed computer development, that cxcur only 
onc:e, or at very lotv rep-rates at best. 'Fhe 7834 offers an 
unprecedented ability to display these pulses. 



Fig 1. Stored display of a single-shot, fast rise rime signal 



manner (rather than single sweep) . this control varies 
the display time between successive sweeps. An “infinite*’ 
position jirovides the same effect as single-sweep opera- 
tion. One a|)pli( ation of the multi trace delay control 
is in making calibration ad justmeiits. The operator 
.simply sets the delay etjual to the time rec|uired to 
change an adjustment. The new result is then auto- 
matically displayed (along with the old), freeing the 
operator from mamiallv resetting the osc illoscope time 
base for each trace. Another application is to store a 
per iodic waveform that occur s in a longer secjuence of 
events. Tlie mulii-ttace delay may he adjusted to blank 
out unwanted events and allow triggering only on the 
desired wavelorm. 

Tire Remote-Storage inputs give the user control over 
several essential storage func tions. With Remote Erase, 
Reset, and the new Remote Save inputs, the operator 
can convenicnily conduct experiments at a distance 
from the osc illoscope, or control these furretions auto- 
matic:ally from other equipmem. 

.A new Remote-Storage Gate input provides the user 
additional capability in the fast-storage mexies. Use cji 
this input, along witii a secoird time base, |>ennits cap- 
turing several closely spaced events on the same display, 
an ability not possible in fast-storage modes on previous 
instruments. 

Two ly|>es of A trio Erase are available in the 7834. 
One is an adjustable j>er iodic function that erases on a 
regular basis whelhcn or not a stor ed display is jnesent. 
"I'he other type provides an adjustable display time after 
each stored event, and w ill not erase unless the time base 
Iras been triggered. 



can convert 



New operational features 

The 7831 has several features not iourrd on other stor- 
age oscilloscopes. These features add convenience and 
flexibility. For example, the MUL4 1-TRACE DEl.AY 
control extends the usefulne.ss of the transler-storage 
modes (FAS I BISTABLE and FAS I' VARI ABIT PER- 
SISTENCE). VV4ien a time base operates in a repetitive 
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Fig, 3. A cmaway ot the front portion of the 7834 cathode ray iiibo, 
showing the three-mesh .structure used to achieve transfer storage. 



Fig. 2. Electron gun structure of the 7834 cathode ray tube. I he 
vertical deflection structure, with the shield removed, is shown 
below the vertical deficcrion portion of the gun. 



can be oj)erated in either a bistable or a variable per- 
sistence mode. ^ 

A number of performance improvement.s were re- 
quired ot the cri to be suitable lor a 400-MH/ storage 
oscilloscope. I liese include both improved gun design 
and storage unilormiiy. 

The gun design changes include a traveling-wave 
deflection system similar to that used in the TEK- 
TRONIX 7904 Oscilloscope, the ddiec tion sensitivity 
is improved to 1.7 V/cm/kV (a 50% improvement over 
the crt). To obtain a faster stored writing speed, 
an improved gun .system was designed to deliver greatei 
diarge density to the target. The gun voltage was in- 
creased to improve the secondary-emission yield at the 
target and to reduce the space charge spreading of the 
writing beam. Independent X- and Y- focusing systems 
were designed, together with a vertical-only scan ex- 
pansion lens, to obtain the required vertit al-deheciion 
sensitiv ity. The new focusing system results in improved 
trace width for the same beam current. More sensitive 
horizontal plates were de.signed to help in obtaining 



)iu panel. This feature is e.specially convenient when 
itching between storage (where Gated is often used) 
(I non-storage o]>eration (where Free Run is typically 
ore desiral)le). Previously, the Chuetl/Free Run switch 

equiring re- 



had been located inside the mainframe 
moval of a .sidecover to change modes. 

Fast X-V storage is possible in the 78^14 because of a 
hori/onlal-mo<le selector switch and the availability ot 
two horizontal plug-in compartments. Previously, X-\ 
storage was possible only in tlic slower, or non-transfer, 
storage modes. 



Miuh of the 78 ;H’s advanced performance is achieved 
through extending the ca|)abilities ot the cathode-ray 
tube (( 1 1) to j)rovide multi-mode storage. Both bistable 
and varial)le pcrsisience designs are incorporated into 
the Cl t. In addition, a new focusing structure and im- 
j>roved electron-gun design are used to reach the high 
stored writing-rate. lYirtlier, a more sensitive deflection 



Additional gain in writing speed was obtained by 
improv ing the background uniformity of the display. 
Since a trace that will store on one partof the target may 
not store on another part, the writing speed specifica- 
tions are <| noted for the slowest |>ortion of the target 
within the disjday area. To tliis end, the flood-gun col- 
liinatiori system was computer designed to iinj)rove 
landing characteristics and consequently improve back- 
ground uniformity. Tliis typically reduced the ratio 



The writing beam stores an image on a highly sensi- 
tive short-view-time target. The image is then trans- 
ferred to the second storage mesh, which has lower sen- 
sitivitv but much longer view times. Fhis second mesh 
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between reduced scan and lull scan vai iable persistence 
writing speeds irovn H: I to G: 1. Some peiionnance gains 
over the previous fast-storage a t used in the 7633 arc 
shown in Figure 4. This shows the typi< ai writingspeed 
expressed as tracewidths/ second as a lunction of 
tensity for the two fastest stoiage modes (variable |>er- 
sistence fast and bistable fast, in reduced scan) . I he re- 
duced scan mode of operation typically results in an 
eight times inijirovement in writing speed ovei the full 
scan operation, due to the increased gun voltage and 
the reduced effe< i ol target uniformity on writing 
speed. In the fastest mode, the w riting speed approaches 
10* * tracewidths . sec ond. This compares with the photc) 
graphic writing speed of the 7904. I hesc stored traces 
arc view\al>lc for tens of seconds and arc easily photo- 
graphed. 

Writing speed 

Unless someone is vrry familiar with storage terminolo- 
gy, a writing speed sj)ecification may not be very mean- 
ingful except in a relative sense, wdiere one storage 
oscilloscope is better than another. 'Therefore, a review 
(d some basic storage concepts will l>etter relate what 
the high peiformanc c of the 7H.14 does for your measure- 
ment needs. Writing speed is defined as the highest rate 
of spot movcmeiu on the ci t face that will leave behind 
a stored image. Spot movemeiu that is faster than writ- 
ing speed will not leave an image, resulting in step re- 
sponse disj)lays with no vertical edge, or sine wave 
displays with the center missing. 

To be more precise, writing speed c an be related to 
common w aveforms by the equations: 

(1) WS == 77 fA 

(2) VVS = 



INTENSITY 



Fig. 4. Reliitivc performance of the* 7831 and 703.3 Storage Oscillo- 
scopes are shown in this graph of stored writing speed as a funt- 
lion of Intensity level setting. 



lor every horizontal division, the ellcct of horizontal 
movement is less than five percent, and can usually lx? 
neglected. 

General design features 

Construction of the 78'M is much like the modular 
7704A. The instrument is divided into two main mod- 
ules that may be easily separated for ease of .service. Like 
other 7000 Scries four-plug-in mainframes, the 7834 has 
a high-efficiency power supply. 1 his sup|>ly runs cooler 
and is much lighter than a conventional regidated sup- 
ply. It is also more immune to electromagnetic: inter- 
ference through tlte |iower line. The 7834 circ uitry is 
highly protected from overloads such as a spurious short 
between various ert electrcxles. 
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Equation (I) is for a sine wave of frequency, f, in mega- 
hert/. and j)eak-io-peak amjilitude, A, in centimeters, 
yielding writing speed in cni/jus. Thus, a writing sj>eed 
of 2.500 (ni/7is will store a 250 Mil/ sinewave w4th 3.2 
cm peak-to-peak amplitude. 

Ecjuation (2) desc ribes writing sjjeed in terms of the 
vertical edge of a pulse or step lespc^nse. The value of k 
ranges from 0.8 lor a linear ramp, to 2.2 for a single-pole 
rc response. A value of I.O applies to a Gaussian or typi- 
cal step response. V is the 10-90% rise time in and A 
is the amplitude in cm, to yield writing speed in cm/^s. 
Thus, a writing speed of 2500 nn//;.s will store a 2.5 cm 
Gaussian step response with i-ns r ise time. 

The 7831 achieves its maximum specified writing 
speed of 2500 cni/%s in a reduced scan mode, with 0.45 
c m divisions. Writing sj>eed in divisions is calculated by 
dividing by 0.15: thus, a 3.2-cm sine wave will be 7.1 
divisions peak-to-pcak. In these relationships, horizon- 
tal movement is not taken into account. However, for 
Ixxmi movement ot more than thrc?e vertical divisions 
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Emory Harry 



PERIOD OF INTEREST 



JirULTL 



WIDTH OF INTEREST 



TIME INTERVAL OF INTEREST 



juum. 



FREQUENCY OF INTEREST 



FREQUENCY IN A “CHIRP 



VERTICAL SIGNAL OUTPUT 




Fig. 1. A counter and oscilloscope set up to measure ihe width of 
the elevated pulse displayed on the oscilloscope crt. 



Mainframes 


Bandwidth 


Amplitude 


7900 Series 


140 MHz with 7A24 
or 7A26 

75 MHz with 7A18 


500 mV/div into 1 Mn 
25 mV/div into 50 n 


7700 Series 


70 MHz with 7A24 
or 7A26 

55 MHz with 7A18 


500 mV/div into 1 Mn 
25 mV/div into 50 il 


7600 Series 


75 MHz with 7A18 


500 mV/div into 1 M12 
25 mV/div into 50 n 


7503/7504 


55 MHz with 7A12 


500 mV/div into 1 Mt2 
25 mV/div into 50 0 


7313/R7313 


20 MHz with 7A18 


500 mV/div into 1 Mn 
25 mV/div into 50 U 


549 


>5 MHz with 1A1 


1.5 V/div into 1 Mn 


544/546/547/ 

RM544/RM546/ 

RM547 


15 MHz with 1A1 


300 mV/div into 1 Mn 


535A/R535 


SMHzwithlAI 


1.5 V/div into 1 Mn 


545A/B/ 

RM545A/B 


20 MHz with 1A1 


1.2 V/div into 1 MS7 



Fig. 2. TEK 1 RONTX oscillosc<»pes having delayed gate and verti- 
cal signal outputs suitable for this application. 



In eucli example, the counter’s trigger circuits can- 
not clisniminate hetween the part ol the waveform of 
interest and the part not of interest. 

A few counters offer input gating that aflows the in- 
put signal channel of the t ounter to l)e gated on and off 
with an external gate or control signal. This makes most 
of these difficult measurements possible; however, the 
appropriate gating signal is rarely conveniently avail- 
able. A lew counters offer Variable Hold-OIT or Delay, 
which introduces a variable delay in the l ime Interval 
mode, between when ( Channel A triggers and Channel 
B is permitted to trigger. This feature also makes some 
of these difficult measurements possible, but it can only 
be used in the Time Interval mode, and the approxi- 
mate amount of delay retpiired must be known. 

Almost all of these difficult measurements can, of 
course, Ije made directly with an oscilloscope, but not 
with the same degree of accuracy a counter offers. 

Counter and oscilloscope 

A counter and an oscilloscope can be combined into 
a powerful measureiiient tool that can conveniently 
make these otherwise difficult or even impossible meas- 
urements. With the tech ni(j lie to be described, the 
counter can be made to measure any selected portion 
of the waveform displayed on the oscilloscope. Thus, 
the flexibility and visual verification offered by an 
oscilloscope is combinetl with the accuracy of a counter. 

The technicpie involves summing or algebraically 
adding the j^ortion of the waveform of interest with a 
pulse, so that the pulse creates a voltage pedestal upon 
which the portion of interest rides. With a j^ortion of 
the waveform elevated, the counter’s trigger threshold 



(triggering level) can be set so that the counter triggers 
only on the desired portion. 

If a Dual-Trace, Delayed Sweep Oscilloscope with a 
Vertical Signal Output and a Delayed (iate Output is 
used in conjunction with the counter, no other et|uip- 
ment is required. The Delayed Ciate serves as the neces- 
sary pulse, the Dual-Trace Amplifier performs the sum- 
ming function, and the V'ertical Signal Output (a wave- 
form identical to that displayed on the crt of the oscil- 
loscope) is connected to the input of the counter. Figure 
1 shows a 7<)(KS Mainframe, 7A1S Dual-Trace Amj)lifier, 
7B58A Delayed Sweep 1 ime Base, and DC^ 505A Uni- 
versal Counter/ Timer in the described configuration, 
f igure 2 is a chart of TEKTRONIX Oscilloscopes with 
the necessary combination cjf features, and the band- 
width and amplitude of the V^ertical Signal Outputs. 

Making the measurement 

The waveform, a portion of which is to be measured, is 
connected to Channel 1 vertical input of the oscillo- 
scope and the controls are set for a stable display ap- 
proximately two divisions in amplitude. 'Fhe wide 
range of in|>ut amplitudes a laboratory o.scilloscope can 
accept offers the added advantage of signal condition- 
ing, amplifying or attenuating a waveform prior to 
being connected to the counter iii|)ut. 

With the waveform portion of interest displayed on- 
screen, the oscilloscope’s Horizontal Mode switch is 
placed in the Intensified mode and the brightened por- 
tion of the trace is adjusted to intensify the portion of 
interest. The Delayed Gate Output, a piifse whose 
witlth and position relative to the oscilloscope trigger 
point is identical to the intensified portion of the trace. 
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is then < onnccted lo Channel 2 vertical input. The Ver- 
tical Mode switch is set to Channel 2 and the controls 
adjusted for a display two divisions in amplitude. 
Switching to the Algebraic Add mode, the two wave- 
forms (the delayed gate and the input waveform) will 
now be summed and the combination will be approxi- 
mately four divisions in amplitude as in Figure 1. It 
the delayed gate is positioned properly, the portion ol 
the input waveform of interest will be elevated approxi- 
mately two divisions. 

The oscillosco])e’s V^ertical Signal Output is now 
connec ted to the counter input and the counter’s Trig- 
ger Level (ontrol is set so the counter triggers only on 
the elevated portion. 

Setting the counter trigger level 

Jf the counter has a DC Trigger Level Output, the trig- 
ger level (an be set by monitoring this output with a 
DMM, setting it to the desired voltage level as read 
from the oscilloscope’s crt. If the counter does not have 
a DC Trigger Level Out[)ut, the following technique 
will aid in setting the counter trigger level. 

The amplitude of the voltage pedestal is lowered ap- 
proximately 50% by adjusting the oscilloscope’s Chan- 
nel 2 V^ariable V^olts Per Division control lor a display 
about three divisions in amplitude. Adjusting the 
ccjunter’s Trigger Level control in die positive direction 
until the counter cjuits triggering, then in the negative 
direction until the counter just starts counting, or 
counts erratically, will set the counter to nigger on the 
positive-most portion ol the input wavelorm. Now, re- 
turning the Channel 2 Volts j)er Division control to its 
original position (a lour division display) will result in 
the counter triggering at the 50% point on the elevated 
])ortion of the waveform. This same technique can be 
used to set the counter’s trigger level at other than the 
50% point if desired. 

Counter modes 

Now let’s consider making selected pulse or cycle meas- 
urements in the various counter modes available. Uni- 
versal couiuers, as opposed to single function or fre- 
quency only counters, oiler a variety of modes such as 
Period. Width, and Time Interval, as well as Frequen- 
cy. Each mode requires that the width of the oscillo- 
scope’s delayed gate— the elevating pulse— be set a little 
diherently. 

Period 

If a period measurement is to be made, the pedestal 
must be wide enough and so positioned in time that the 
entire period of interest is elevated as shown in Figure 
3. In the Period mode, the counter will trigger at a 
point on the first positive or negative going slope, 
whichever is selec ted, and at the same j:>oint on the fol- 
lowing slo|>c of the same [polarity. 



Employing this technique, the Period mode can be 
used to measure frequency ( F =-U) when the frequen- 
cy varies, or when it is a burst or chirp. In the Frequency 
mode a counter measures the average input frequency 
during the gate time. However, with this technique, 
frequency can be measured for as short a period as one 
cycle. The linearity of a swept frequency can even be 
measured cycle by cycle. 

Width 

If a width measurement is to be made, the set-up is the 
same as for a period measurement, except that the ele- 
vating pedestal must only be wide enough to elevate 
the width of interest as .shown in Figure 4. The counter 
in the Width mode will measure the time between a 
point on the first slope of the selected polarity and the 
same point on the following slope of the opposite 
polarity. 

Time interval 

A counter that oilers a Time Interval mcxle has two 
input channels and measures the time between when 
the first channel, Channel .A, triggers and the second 
channel, Cdiannel B, triggers. The slopes and trigger 
levels for each (hannel can be selected independently. 
In the Time Interval mode, Channel B is held off (not 
permitted to trigger) until .A triggers; however, Chan- 
nel B cannot normally be held olf or prevented Irom 
triggering the next time the in|)Ut waveform reaches 
its trigger level. With this technique, B can be held olf 
as long as required to permit the counter to measure 
the time between any desired points on the input wave- 
form. Ihilike the Period and Width modes, the width 
of the pedestal or elevating pulse is adjusted to be 
slightly narrower than the time interval of interest. As 
shown in Figure 5, the A trigger level is set to trigger 
just as it was in the VV^idth or Period modes, but the B 
trigger level is set below the level of the ]Declestal. There- 
fcjre, B will not trigger until the elevating pulse has 
returned to the lower level and the input wavelorm 
passes through the B trigger level. B can be held oft or 
prevented from triggering as long as desired by increas- 
ing the width of the pedestal. 

Small variations in pedestal width should cause no 
variation in counter reading if the pedestal is properly 
positioned. If the counter display varies directly with 
pedestal width, an erroneous reading is l>eing obtained. 

The two input channels can be connected to a single 
waveform or to two separate waveforms, and a portion 
of either wavelorm can be selec ted and elevated. A por- 
tion of each of two waveforms can also be elevated and 
thereby selec ted, however, this would require an addi- 
tional pulse and summing amplifier. 

Frequency 

Making frequency measurements directly is not practi- 
cal using this technique because the counter’s gate and 



8 




INPUT 

WAVEFORM 



PER IOD OF I 

^NTFRFRT ^ 



CH 1 SIGNAL 



SIGNAL SUMMED 
WITH PULSE 



DELAYED GATE 
(ELEVATING PULSE) 






Fig. 4. Delayed gate set properly for width ineasureinent. 



Fig. 7. The DD 501 Digital Delay simplifies trigger selection when 
delaying the triggering of the counter for several pulses or cycles. 



INPUT WAVEFORM 



TIME INT ERVAL 
OF INTEREST 



INPUT 

WAVEFORM 






DELAYED 

GATE 



DELAYED 

GATE 




CHANNEL A 
TRIGGER LEVEL 

SUMMATION 



CHANNEL B • 

TRIGGER LEVEL 



VEL 




, Fig- Erroneous readings can occur at some display time settings. 

Fig. 5. For time interval measurements, delayed gate is set slightly If the counter readout is erratic or too large a number, increase 

shorter in duration than time interval to be measured. the display time with the Display Time Control. 
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the elevating pulse would have to be synchronized. 
Frequency nieasureinents can be made, as mentioned 
earlier, in the Period mode, and, because Irequency is 
the reciprocal of time, the conversion is simple. 

Averaging 

In the Period, Width, and Time Interval modes, it is 
often desirable to average to achieve the desired ac- 
curacy. If the counter otters Width Averaging and Time 
Interval Averaging, it is simply a matter of .switching 
to that mode. The counter will accumulate readings in 
decade multiples and average them. No change in the 
|>rocedure for a single Time Interval or Width measure- 
ment is necessary. For period averaging, however, an 
alteration to the technique is necessary. In period aver- 
aging, the number of periods to be averaged must all 
be elevated. I'o average 10 pericKls, 10 or more succes- 
sive or continuous periods must be elevated. To average 
100 periods, 100 or more successive or continuous pe- 
riotls must l>e elevated. y\ larger number of averages 
can be .selected, but since the purpose of this technique 
is to make a selective measurement of a small portion 
of a signal, it is unlikely that higher averaging factors 
will be commonly used in the Period mode. 

Using a non-delayed sweep oscilloscope 

If a Non-Delayed Sweep Oscilloscope is used, a separate 
pulse generator with delay, like the TEKTRONIX 
PG 505 or PG 508, must be incorporated to generate the 
necessary pulse. The pulse generator must have delay 
so its output can be positioned in time relative to the 
input waveform. 

If the oscilloscope does not have an Algebraic Add 
mode, a separate amplifier like the AM 501 can be in- 
corporated to serve this function. 

The TM 500 product line provides an ideal solution 
to the problem. Figure (i is a diagram showing the 
SG .502 Non-Delaying Sweep Oscilloscope, PG 505 Pulse 
Generator, AM 501 Amplifier, and either the DG 50S 
or DG 505A Universal Gotinter/Timer with the ap- 
propriate interconnections in the TM 500 Mainframe. 
This particular .system is usable from dc to between 
50 kHz and 100 kHz, limited by summing amplifier 
bandwidth and pidse generator rise times. 

Digital delay 

When it is necessary to delay the triggering of the count- 
er for a large number of pulses or cycles, it can become 
impractical due to the limited resolution offered by the 
ert of an oscilloscope, even with a magnifier. For ex- 
ample, it would be almost impossible to position the 
pulse or pedestal on the one thousandth input pulse 
to measure its period, width, or time interval. Even 
with a times ten magnifier, tliere would be ten input 
pulses or cycles j)er division on the crt. The DD 501 
Digital Delay solves this problem. It can delay by up 



to one hundred thousand events and generate a trig- 
ger at the selected number of events. 

When the DD 501 is used with this technique, it is 
connected as shown in Figure 7. The input signal is 
connected to the DD 501 Start and Events inputs and 
the input of the o.scillosco|3e. The output of the Digital 
Delay is connected to the External Trigger input of the 
oscilloscope, and the appropriate number of events, 
j)ulses, or cycles to \ye delayed is dialed up on the DD 501 
front panel. The counter is driven by the summed 
pedestal and signal from the scope vertical output or by 
a separate summing amplifier. When the selected num- 
ber of events takes place, the DD 501 puts out a trigger 
that triggers the scope and the delayed gate. A faster 
oscilloscope sweep speed can now be used, which offers 
enough resolution to position the elevating pulse. 

If it is necessary to delay by time, the counter’s time 
base output can be connected to the DD 501 input. The 
counter’s time base acts as a clock that the DD 501 
counts. 

Erroneous reading 

Some ranges of input repetition rates can cause an os- 
cilloscope to trigger on different pulses on each sweep, 
however, this can be corrected with Trigger Hold-off if 
the osciIlo.scope has this feature, or with the Variable 
Time Per Division if it does not. In either case the basic 
repetition rate of the oscillo.scope’s sweep generator is 
changed so that the oscilloscope triggers at the same 
point or on the same pulse for each sweep. With the 
technique described in this note, it is possible to have 
essentially the same problem with a counter. The 
counter has a measurement cycle time or repetition rate 
which is determined by the length of time it takes to 
make the measurement, plus the display time. As shown 
in the |)eriod measurement in Figure 8, if the counter’s 
measurement cycle time results in the display time end- 
ing in the middle of the period to be measured, an er- 
roneous |>eriod measurement results. And the same 
thing can occur in the Width or Time Interval modes. 
The indication is an erratic reading or a reading that 
is too large. I’he fourth waveform from the top in Fig- 
ure 8 shows an erroneous, too long, period. To correct 
the problem, the counter’s display time is increased 
with the Display 7'ime Control as shown in Figure 8. 
The counter now has a slower repetition rate or longer 
measurement cycle time and does not reset in the mid- 
dle of the period, width, or time interval to be mea.sured. 
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Riliph Livermore 



The 577/178 
Curve I i ;tcer 
U'LlIi a 'Three- 
I’ermiual 
Re^vflaror I esr 
unit instated. 



Many of you al- 
reatly possess that 
opability and may 
not realize it. 

The Tektronix V 
577“D1 Storage Curve ^ 

Tracer and 178 Linear 
IC Test Fixture provide 
the basic capability. All you 
need to add is the T hree-Ter-^ 
mina! Regulator Test Unit — a ^ 
plug-in accessory for the 178 — plus 
a socket ada}>ter lor your particular 
device, and you*re in business. lt*s 
ideal solution for short 



run inspection, cn- 
c Li i t desig n , or d e v i ce < h a i a cte r i z a 1 1 o n . 

T he Reg u i a toi' T es t IJ n i t com es i n t w o si m i - 
lar m ode 1 s — on e w i red for neg a t i ve regu 1 a to r de^ 
vices and one for positive units. Eat h slides into the ' 
178, which is itseil a sHdedn module for the 577. A 
snap-oil escutcheon plate customizes the 178 function 
switch Loeithei positive or negative lest units. 

Functionally, the 577 Mainframe supplies the display 
and its controls, primary [jower supply/ and a step gen- 
erator that serves as a variable load. The 178 further 




regulates the supply voltages and provides the function 
selector switch, which sets up the internal circuits for 
the appropriate tests. The 178 also has provision to 
sweep the input suj^ply voltages at a selected rate and 
amplitude for line regulation and other tests. 

Four basic tests on three- terminal regulators can be 
performed on the 577/178: load regulation, line regu- 
lation, quiescent or common ( urrent, and dropout volt- 
age. A fifth test, ripple rejection, can also be performed, 
depending on how it is specified. The devices can be 
tested over an input range of 0 to 60 volts, with load 
currents up to 2 amperes (pulsed). 

Load regulation 

Load regulation is the change in regulator output volt- 
age over the s|>e( ified range of load current, with pro- 
vision made to keep chip temperature constant. 

This test is done on the curve tracer using the step 
generator as a current sink or variable load. The step 
generator is oj)erated in the pulse mode to provide a 
load that is active for only a small part of the duty cycle, 
thus keeping chip dissi])ation low and j)ossible tempera- 
ture rise small. 

The dis|)lay in Figure 1 shows the change in output 
voltage (vertical axis) as the load current is stepped 
over the s|)ecified range (horizontal axis). In Figure 2 
the vertical sensitivity has been increased to improve 
the resolution of the measurement. The Output Volt- 
age Comparison Dial is set so the trace crosses the bot- 
tom graticule line j>recisely at the rated load current 
point. The change in out|)ut voltage is then easily de- 
termined by multiplying the VERT UNITS/DIV set- 
ting by the indicated change in output voltage on the 
vertical axis. 

Line regulation 

Another important specification we need to check is 
line regulation— the change in regulator output voltage 
over a sjjecified range cT input voltage— with provisions 
made to keep the chip temperature constant. 

The curve tracer provides the necessaiy test condi- 
ticjiis by adding a swept voltage to the input voltage 
supply, while providing a constant, short duty-cycle 
load for the output. 

In the display in Figure 5, the vertical axis represents 
regulator output voltage deviation from the compari- 
son voltage, and the horizontal axis represents regulator 
in])ut voltage. 

Line regulation characteristics at difierent values of 
load c urrent can be checked by setting the step genera- 
tor to stej) through the desired range of load currents as 
in Figure ,8. 



ternal functioning. It is called cjuiescent or common 
current. The regulator test unit uses a common-termi- 
nal supply to produce an artificial ground through 
which the dev ice- under- test cjuiescent current is meas- 
ured. 

The curve tracer can display quiescent current under 
’three dillerent conditions: steady state, with constant 
load and line (input) voltage change, and with constant 
inj)ut voltage and changes in the load. Changes in input 
voltage are provided by the sweep generator on the 178 
Linear IC Test Fixture. Load changes are |)roduced by 
using the 577 step generator in the current-sinking 
mode. 

The display in Figure 4 plots cjuiescent current on 
the vertical axis, versus load current on the horizontal. 

Dropout voltage test 

The fourth characteristic of interest that can be checked 
with the 577 Curve Tracer is droj3out voltage. The 
dropout voltage test is similar to the line regulation 
test excejjt, in this instance, we are concerned with the 
minimum inj)ut voltage at which the regulator no long- 
er regulates. Figure 5 is an illustration of the droj30ut 
voltage test. The input-outj)ut voltage differential at 
which the circuit ceases to regulate is dependent upon 
load current and junction temj^erature, and is typically 
two volts. 

Ripple rejection test 

Ripple rejection tests can also be |3erformed on the 
curve tracer as displayed in Figure 6. The suj)ply volt- 
age is swejot at a frequency just below 120 Hz to j^roduce 
the disj^lay. Each trace rej)resents a different load cur- 
rent as j3resented by the stej) generator. Storage is a 
necessity in achieving this disjjlay since it takes about 
a second to jn oduce. 

Conclusion 

The 577-Dl Storage Curve Tracer with a 178 Linear 
1C Test Fixture and Three-Terminal Regulator Test 
Unit provides a low-cost, versatile means of j^erforming 
incoming insj>ection tests, circuit design, or device char- 
acterization of three-terminal regulators. Most of the 
sj^ecified tests can be j^erformed. The 577 also serves as 
a valuable analytical tool to evaluate those devices re- 
jected by highly automated incoming inspection sys- 
tems, and to analyze performance under oj^erating con- 
ditions other than those sj3ecified on the sj3ec sheet. ^ 



Quiescent or common current 

A thiitl characteristic often of interest to the circuit 
designer is the current used by the regulator for its in- 
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Fig, 1. Load regulation tesi* Output voltage displayed vertically at Fig. 4, Quiescent current test. Quiescent current displayed ver 

50 mV/di Vj offset to +5V; load current displayed horizontally at tically at 2 mA/div^ zero current at ceruer-streen ; load current dis- 

20 mA/div. played horizontally at lOfl mA /div. 



Fig. 2, Same measiircmem as Fig. L except vertical sensitivity iri’ 
creased to improve resolution, and trace moved to bottom of screen 
for easier reading. 



Fig. 5. Dropout voltage test. Output voltage displayed venically at 
10 mV/div, top trace is offset to 5V: input voltage displayed hori^ 
zonlallv at 2V/di\\ 



Fig, S, Line regulation test. Output voltage displayed vertically at FSg- 6- Ripple rejection test. Output voltage displayed venically 

5 mV/di v; input voltage displayed horizontally at 5V/div, load at 5 inVYdiv; input vohage displayed horizontally at 2V/div; load 

currents are 1 00 m A /step. currents are lOO niA / step. Rejection is about 76 dB. 
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Ciiarles Phillips 



Use a toothbnish anil detergent to dean the knobs 
and connectors, and rinse with warm water. Tlie side 
covers can l>e removed and, along with the bottom 
panel, be washed separately alter removing the instru- 
meiu Irom the booth. They should be placed in the 
oven to dry. Compressed air is used to remove as much 
water as j>ra( ticable Irom the front panel area, and the 
instrument is then placed in the oven lor 15 to 20 
minutes, or until yoirre ready to work on it. 

The graticule and graticule cover may be cleaned 
as described in Part I. A word of c aution regarding the 
use of glass cleaner—somc leave a static charge on the 
gratic ule, which will distort the crl trace until it bleeds 
olf. Soap and water is the best soluticin. 

Air filters can be cleaned easily with detergent and 
hot water. A cleansing powder, such as Ajax, sprinkled 
on a wet filter and allowed to soak a minute or two, wdll 
help on extra greasy ones. We recommend not using oil 
or filter coat on any filters as there is the possibility of 
oil getting inside the instrument. 

Cleansing cam switches 

Unless you are having problems with the cam switches 
in the instrument, we do not recommend removing the 
switch covers during the cleaning procedure. You 
should also lake care nc^t to sjnay detergent into the 
sw- itches. 

H a cam swuich needs cleaning, this can best be ac- 
complished by removing the switch cover and spraying 
the switcli w-iih a 5% solution of Kelite spray white 
with an ecpial amount of ammonia (non-sudsing, non- 
soajjy type). The switch should then be thoroughly 
riused wadi soft or distilled water. The swiu h contacts 
should then be sprayed with iso|>ro|)yl alcohcjl, let set 
for 60 seconds, and blown out with compressed air. Oc- 
casionally ojxnaie the switch in all positions w^hile the 
alcohol is still on tlie contact area, and wdile blowing 
out the instrument. Oven dry in the usual manner. 

Cam switches need no lubrication as the swdtch pads 
are designed to operate dry for the life of the instru- 
ment. 



Part II— Dry cleaning 



I n Part I of this article we described the tools and 
techniques used to give your Tektronix instrument 
a bath, or j^erhap.s “shower'’ would be a mcire ap[>ropri- 
ate term, rhere are times when the customer needs 
quick turn around on an instrument and can't tolerate 
the 21-hour drying time needed for a wet wash. In tliis 
instance, dry cleaning may serve as a reasonable alter- 
native. 

I’he w ash booth makes a convenient place to perform 
the dry c leaning ojjeration. With the side and bottenn 
panels removed, compressed air and a small paint brush 
will remove most of the interior dust, unless the instru- 
ment has been in a greasy environment. 

l o clean the front j)anel you should reinstall the 
side covers and lightly spray the from panel only, using 
the 5% Kelite solution and rinsing wdth w-ater. Be care- 
ful not to get excess water in the instrument, just a 
little spray applied on an angle works best. 



H 










Conclusion 

Whether you wet wash or dry clean an instrument will 
l)e determined l>y lu)w dirty the instrument is, and the 
time available to do the job. Solid state instruments can 
be washed as easily and safely as vacuum tube types. 
Precautions against spraying detergent and water di- 
rectly on power transformers and coveted cam switches 
shoidd be diligently observed. Cleaning agents such as 



trichlorethylene, Freon, and others containing halo- 
gens, should not be used. They can damage aluminum 
electrolytic: cajKuitors and some printed circuit board 
materials used in c ritical ajtplications. 

It takes valuable time to proj^eiiy clean an instru- 
ment. However, the improvement in maintainability 
and the increase in user satisfaction makes the invest- 
ntem a worthwhile one. ^ 



Fig. 1. Dave Phillips, Factory Service Center, washes a 70tX)-Series C^scilloscope, 






Customer maintenance 
training ciasses for 77 

All classes will be conduciecl at Beaverton, Oregon. 
I'here is no lee lor c lasses except as noted. 

All maintenance classes teach operation, signal How, 
calibration, trouble-shooting and repair of the repre- 
sentative instrument. A combination of lecture and lab 
sessions are the usual lormat for maintenance training. 
Any prestudy literature besides maintenance manuals 
will be mailed directly to ycju. 

7704A/7904/7633 

The 7000 series classes are a combination of the 7704A/ 
7904/76.H3 oscilloscopes. The prerequisite for the 7901/ 
7083 class is training on the 7701 A. Class duration is two 
weeks, first week devcjted to 770 lA, second week devoted 
to 7904/7033. Plug-ins taught are re|>resentative of the 
most frequently jjurchased units with these main 
frames. 

Class dates: June 13-24, 1977 
Aug. 8-19, 1977 
Oct. 17-28. 1977 
Dec. 5-10, 1977 

465/475 

The 405/475 oscilloscopes maintenance class is taught 
to the component level of troubleshooting and repair. 
The student is encouraged to study the circuit descrip- 
tion portion of the respective manual. Class duration is 
one week. 

Class Dates: June 27-July 1, 1977 
Aug. 22-20, 1977 
Oct. 31 -Nov. 4, 1977 

5100/5400 

The 5100/5400 oscillosco|)es are new products on the 
1977 customer training schedule. Representative plug- 
ins are selected for these products. Class duration is one 
week. 

Cla.ss dates: July 11-15, 1977 
Nov. 7-11, 1977 

Logic Analyzers 

I he 7D01 , DF-1 logic analyzer is a new product on the 
1977 custcjiner training schedule. The prospective stu- 
dent is encouraged to study the circuit description in 
the 7D01 /DF manual. Class duration is one week. 

Class date: Sept. 12-K), 1977 



TM503/DC503/DM502 

TG501/PG501/FG501 

The TM500 products selected for instruction represent 
each of the major categories in the l est and Measure- 
ment area. Class duration is one week. 

Class dates: June 6-10, 1977 
Aug. 1-5, 1977 
Oct. 10-14, 1977 
WDI— R7912/1350 

The student must have operational knowledge of the 
7704A series oscilloscope: he also must have satisfactori- 
ly completed study of the Audio CJircuit description 
training program on the R79I2. This package (062- 
2708-00) is available for SI 75.00 through the local I ek- 
tronix field office: it should be ordered at least (iO days 
jjiior to class participation as the subject material is 
(juite lengthy. (4ass duration is one week. A class tee cjl 
.S700 per student is c hargecl for this training. 

Class dates: july 11-15, 1977 
Oct. 3-7, 1977 
DPO— P7001/CP1151 

No customer maintenance classes are scheduled for 
1977. An aiiclic^ circuit clescri])iion training package is 
available for .$185.00 through your local Tektroni.x 
field office. Part number ((M>2-2707-00) 

4051/4631 

Fhe 4051 intelligent terminal is a new product on the 
1977 custcjmer training schedule. Cnclerstanding of 
microprocessor is necessary for full appreciation of 
c lass cc:>n tent. (Hass duration is two weeks. 

(Hass Dates: June 20-july 1, 1977 
Dec. 5-16, 1977 
4010/4014/4631 

The 1010/4012/4014/4006 graphic display terminal 
c lass is taught to board level maintenance; greater 
depth is taught when signal flow' concei)ts are necessary. 
Class duration is one week. 

Class Dates: [unefi-lO, 1977 
Oct. 3-7, 1977 
Nov. 7-11, 1977 
4081 /4905 /4641 

TheQoKI] intelligent terminal system is a ne^v product 
on the 1977 c ustomer training schedule. Understanding 
of microcomputer and microprocessor theory is neces- 
.sary for full appreciation of class content. Class dura- 
tion is twc:) weeks. 

Class Dates: July 18-29, 1977 

Sept. 26-Oc i. 7, 1977 A-3549 
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